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ABSTRACT 


The  proof  test  of  existing  and  proposed  radiological  countermeasures 
for  naval  ships  and  aircraft  not  in  flight  is  presented  in  detail.  In 
this  part  of  Operation  Castle,  two  test  vessels,  one  equipped  with  a 
complete  washdown  system  and  the  other  not,  were  guided  by  remote  control 
along  relatively  close  courses  through  the  fallout  regions  of  four  nuclear 
detonations. 

Operation  of  wathdovn  during  fal lout, until  approximately  10  hr  after 
detonation,  achieved  a  reduction  in  do6e  rate  of  90  bo  96  percent  and  a 
reduction  in  accumulated  dose  of  87  to  9^  percent  at  exposed  locations. 
Subsequent  washing  for  2  hr  only  increased  these  reductions  to  93  to  97 
percent  for  dose  rate  and  89  to  95  percent  for  accumulated  dose.  The 
accumulated  dose  at  exposed  locations  v&s  as  much  as  300  r  at  10  hi’  after 
detonation.  The  transit  dose  (dose  from  fallout  prior  to  deposition) 
was  estimated  to  have  minor  significance  on  a  nonvashdcwn  ship. 

In  the  ship-shielding  studies,  the  overall  shielding  factor  was 
defined  as  the  ratio  of  the  dose  rate  in  a  compartment  to  that  measured 
at  an  unshielded  location  above  the  weather  deck.  Sources  of  radiation 
were  deposits  of  radioactivity  on  weather  stir  face  t ,  the  activity  in  the 
air  during  fallout,  and  the  activity  in  the  sea  water.  It  was  found  that 
the  overall  shielding  factor  decreased  with  time  and  thickness  of  steel. 
This  factor  was  greater  for  the  washdown  ship.  Apparent  absorption 
coefficients  were  found  to  increase  regularly  with  time.  Use  of  tnese 
coefficients  in  computing  the  shielding  from  activity  deposited  on  the 
nonwashdown  ship  gave  relatively  close  agreement  with  observed  values. 

Ship  decontamination  covered  an  extended  period  which  affected  the 
results  as  follows:  (l)  decontamination  effectiveness  exclusive  of  decay, 
76  percent;  (2)  decontamination  effectiveness  plus  decay,  80  to  90  percent. 
Thus  it  appears  that  tactical  decontamination  of  a  ship  should  be  a  mass 
operation  in  which  all  contaminated  surfaces  are  attacked  simultaneously 
to  minimize  unnecessary  additional  dosage  to  exposed  personnel.  It  is 
coucluded  that  a  washdown  system  is  the  most  effective  tactical  decontami¬ 
nation  countermeasure  presently  available  and  that  for  ships  net  so 
equipped  a  combination  of  firehosing  and  scrubbing  with  detergent  is  a 
satisfactory  later im  decontamination  procedure.  Strippable  protective 
coatings  must  be  further  developed  and  improved  before  they  can  meet  the 
requirements  for  a  tactical  decontamination  procedure. 

The  interior  contamination  study  indicated  that  the  average  airborne 
activity  concentration  in  cubicles  ventilated  by  unprotected  duct  systems 
was  of  the  order  of  0.02  percent  of  the  average  weatherside  concentration. 
The  paper-filter  and  electrostatic -precipitator  protective  devices  in  the 
ventilation  system  reduced  this  value  by  a  factor  of  9^  to  98  percent. 

The  aircraft  studies  regaled  that  the  washdown  reduced  the  cockpit 
dose  rate  by  9^  to  95  percent.  \*ie  immediate  effect  of  salt  water  from 
the  washdown  or  decontamination  optriations  was  not  serious  to  the  planes; 
if  their  ignition  systems  are  protecteu,  ■‘•.he  planes  will  remain  in  flight 
condition.  Decontamination  effectiveness  on  aircraft  unprotected  by 
washdown  was  50  >.0  60  percent  by  firehosing  o;  hot-liquid-jet  cleaning. 
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A  subsequent  scrubbing  with  detergent  or  solvent  emulsion  should  increase 
these  figures  to  75  to  90  percent.  Contaminant  distribution  was  not  uni¬ 
form  over  the  planes  but  depended  greatly  on  the  relative  direction  and 
velocity  of  the  wind  as  well  as  the  type  of  contaminant. 

Evaluation  of  the  air  monitor  showed  that  the  present  design  could 
be  used  to  indicate  the  presence  of  10~9  curies  of  beta  activity  per  cubic 
meter  of  air  in  fields  up  to  0.5  r/hr.  This  should  give  satisfactory 
warning  of  the  presence  of  beta  emitters  or  incipient  build-up  of  gamma 
emitters  in  regions  where  game  background  is  less  than  0.5  r/hr. 

The  gama  recording  system  used  on  the  test  ships  proved  basically 
sound  but  needs  improving  for  simplicity  and  reliability. 

Adequate  survey  information  was  obtained  within  dosage  limitations 
by  large  numbers  of  unskilled  monitors  who  were  briefly  instructed  the 
vise  of  monitoring  instruments  in  a  standardised  procedure. 

For  personnel  protection,  a  procedure  is  presented  by  which  the 
average  radiation  level  aboard  a  contaminated  ship  may  be  estimated  on  the 
basis  of  dose -rate  measurements  taken  from  a  neighboring  vessel.  Extensive 
recommendations  concerning  radiological  safety  instrumental' on,  procedures, 
and  equipment  are  given. 

Three  general  categories  of  recoimmndations  are  given  in  the  report. 
These  are:  (l)  use  of  equipment  or  procedures;  (2)  need  for  further 
investigation  in  specific  areas;  and  (3)  improvement  of  testing  techniques. 
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FOREWORD 


This  report  is  one  of  the  reports  presenting  the  results  of  the  34  proj¬ 
ects  participating  in  the  Military  Effects  Tests  Program  of  Operation 
Castle,  which  included  six  test  detonations.  For  readers  interested  in 
other  pertinent  test  information,  reference  is  made  to  tfT-934,  "Summary 
Report  of  the  Commander,  Task  Unit  13,  Programs  1“9,"  Military  Effects 
Program.  This  summary  report  includes  the  following  information  of  pos¬ 
sible  general  interest. 

a.  An  overall  description  of  each  detonation,  including  yield, 
height  of  burst,  ground  zero  location,  time  of  detonation,  ambient  at¬ 
mospheric  conditions  at  detonation,  etc.,  for  the  six  shots. 

b.  Discussion  of  all  project  results. 

c.  A  summary  of  each  project,  including  objectives  and  results. 

d.  A  complete  listing  of  all  reports  covering  the  Military  Effect: 
Tests  Program. 


PREFACE 


This  report  presents  the  results  of  a  group  of  experimental 
investigations  which  are  a  part  of  a  continuing  program  to  develop 
adequate  shipboard  damage -control  measures  against  the  radiological 
effects  of  nuclear  weapons.  Because  no  precise  quantitative  information 
on  the  extent  or  magnitude  of  the  types  of  radiation  to  be  encountered 
and  their  biological  effects  was  available,  every  effort  has  been  made 
to  present  complete  data,  together  with  the  circumstances  under  which 
they  were  obtained.  The  result  is  an  extensive  report,  even  though  many 
operational  and  logistic  details  have  been  omitted.  Its  length  appears 
justified,  since  adequate  test  background  information  is  made  available 
for  any  future  evaluation  of  the  results-  It  is  hoped  that  the  details 
presented  may  prove  useful  in  planning  other  countermeasure  field  tests. 

The  introductory  chapter  gives  the  background  of  the  investigation, 
its  specific  objectives,  the  plan  of  attack,  and  the  extent  of  the  opera¬ 
tion.  Each  of  the  other  chapters  treats  a  specific  objective  and  consti¬ 
tutes  a  complete  report  written  by  the  individual  responsible  for  that 
phase  of  the  investigation.  Each  of  these  chapters  has  a  separate 
appendix  containing  pertinent  suppl0mentary  material.  Hence,  a  reader 
whose  concern  is  with  a  particular  problem  may  satisfy  his  needs  by 
r*  ing  the  introductory  chapter  and  the  appropriate  subsequent  chapter 
with  its  appendix. 
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Chapter  I 

INTRODUCTION 


1.1  BACKGROUND 

Studies  had  beeh  made  at  U.  S.  Naval  Radiological  Defense 
Laboratory  (NRDL)  concerning  ships  contaminated  by  underwater  atomic 
detonations  at  sea;  radiological  hazards  from  harbor  detonations  on 
both  ships  and  shore  installations;  and  the  contaminating  effects  of 
atomic  detonations  on  aircraft  parked  on  the  flight  decks  of  carriers. 
Conclusions  from  these  studies  were  tentative,  because  of  uncertainties 
in  the  basic  data,  most  of  which  were  based  on  either  laboratory 
results  or  theoretical  extrapolations  from  the  inadequate  measurements 
of  the  Baker  test  at  Operation  Crossroads.  However,  these  studies  had 
indicated,  even  at  distances  well  beyond  those  where  serious  physical 
damage  to  ships  and  installations  could  occur,  a  radiological  hazard 
sufficiently  severe  to  warrant  full-scale  testing. 

Laboratory  tests  and  ship  trials,  using  simulants,  had  indicated 
that  a  semi-automatic  washdown  of  the  ship’s  weather  surfaces  was  a 
rapid  and  effective  means  of  reducing  the  radiation  hazard  to  personnel 
during  and  after  a  contaminating  attack.  To  evaluate  the  washdown 
performance  in  terms  of  reduction  in  radiation  dosage  during  an  actual 
fallout  event  required  a  full-scale  test.  Also,  such  a  test  was  needed 
tc  supplement  calculations  which  indicated  substantial  reductions  in 
radiation  dosage  below  decks  from  radioactivity  deposited  on  weather 
surfaces  and  from  airborne  activity  during  the  fallout. 

Data  on  the  entry  of  airborne  radioactive  material  through  ventila¬ 
tion  and  boiler  air  systems  were  needed  to  evaluate  the  hazard  from 
interior  contamination  and  to  establish  the  requirements  for  counter¬ 
measures.  Field  testing  of  existing  and  proposed  decontamination 
methods  was  required  to  determine  their  performance  in  minimizing  the 
long-term  hazard  on  shipboard.  Finally,  since  contamination  of 
aircraft  on  flight  decks  prevents  use  of  undamaged  planes  after  a 
contaminating  attack,  a  full-scale  test  of  the  effectiveness  of  the 
washdown  system  and  of  decontamination  methods  on  aircraft  was  needed. 
Project  6.4,  Operation  Castle,  was  designed  tc  meet  these  needs. 

1.2  OBJECTIVE 

The  general  objective  of  Project  6.4  was  to  proof -test  existing 
and  proposed  radiological  countenaeasures  for  naval  ships  and  aircraft 
not  in  flight  and  to  obtain  basic  knowledge  of  the  radiological  situ¬ 
ation  on  ships  and  aircraft  for  further  countermeasures  development. 

This  project  also  provided  operational  support  for  Project  6.5,  which 
obtained  information  related  to  radiological  contamination  suid  counter¬ 
measures  for  shore  targets. 
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The  general  objective  of  Project -6. 4  was  divided  into  nine  specific 
problems:  (l)  evaluation  of  washdown  countermeasure  on  ships; 

(2)  determination  of  shielding  effectiveness  of  ships'  structures; 

(3)  determination  of  tactical  and  industrial  radiological  recovery 
procedures  of  ships;  (4)  determination  of  inferior  ship  contamination 
and  the  suitability  of  ventilation  protective  devices;  (5)  study  of 
airborne  contamination  and  air  monitoring  systems;  (6)  study  of  aircraft 
contamination  and  decontamination,  with  and  without  washdown  counter¬ 
measure;  (7)  provision  for  the  recording  of  gamma  radiation  intensity  vs 
time  and  reduction  of  the  data  obtained;  (8)  procurement  of  radiological 
survey  data  and  fallout  photography;  and  (9)  provisiop  of  radiological 
safety  control  and  evaluation  of  existing  radiological  safety  procedures 
and  devices. 

1.3  PLAN  OF  ATTACK 

To  accomplish  the  objective  of  Project  6.4,  two  test  vessels  were 
guided  in  relatively  close  company  by  remote  control  through  the  fallout 
regions  of  four  nuclear  detonations. 

The  vessels  were  the  Liberty  Ships  YAG  39  and  YAG  40.  The  YAG  39 
was  fully  equipped  with  a  washdown  system;  the  YAG  40  had  none.  Struc¬ 
tural  modifications  included  the  installation  of  a  sec' ’on  cf  wood 
flight  deck  forward  on  both  ships  and  a  deck  house  forward  of  the 
superstructure  to  house  equipment  for  ventilation  studies.  Both  ships 
were  equipped  with  automatic  controls  for  speed  and  steering.  The  ships' 
propulsion  machinery  was  timed  to  shut  down  automatically  at  any  time 
up  to  24  hr  after  setting  the  time  at  debarkation.  Operation  of  the 
washdown  system  of  the  YAG  39  was  accomplished  by  radio  linkage. 

After  each  shot,  both  ships  were  retrieved  by  tugs  and  towed 
unmanned  to  Eniwet.ok  Lagoon  and  moored.  Here  the  samples  and  recorded 
data  *ere  recovered;  decontamination  studies  were  made;  monitoring  and 
essential  decontamination  were  accomplished  in  preparation  for  partici¬ 
pation  in  the  next  shot.  Deviations  from  this  planned  procedure  are 
detailed  in  a  subsequent  section. 

1.4  ORGANISATION 

Project  6.4  was  a  joint  BuShips-NRDL  effort.  The  organization  chart 
in  Figure  1.1  shows  the  principal  billets  and  assignments.  The  connected 
areas  numbered  1  through  9  indicate  the  problems  into  which  the  project 
objective  was  divided  and  the  individuals  in  charge  of  the  work  on  them. 

1.5  OPERATIONS 

Project  C.4  participated  in  Shots  1,  2,  4,  and  5*  Shot  1  was  a 
land-surface  shot;  Shots  2,  4,  and  5  were  water  surface  shots.  For  the 
first  two  shots,  both  ships  were  unmanned  and  were  controlled  from  a 
P2V-5  aircraft,  with  a  secondary  control  party  stationed  aboard  the 
USS  BAIROKQ  (CVE-115).  Experience  from  these  tests  indicated  that 
manning  the  YAG  39  was  both  desirable  and  feasible.  The  YAG  39  was 
manned  during  Shots  4  and  5  by  a  special  party  who  received  instructions 
as  to  the  course  from  the  secondary  control  party  on  the  RAIROKO,  either 
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Figure  1.1  Organization  chart  for  Project  6.4. 

by  voice  radio  via  the  P2V-5  (which  served  as  communications  relay 
station)  or  directly  by  code. 

The  timer  for  the  ships'  propulsion  machinery  was  set  at  debarka¬ 
tion  time,  which  was  between  H  -  4  and  H  -  2  hr.  For  Shots  i  and  2,  the 
timer  was  set  for  23*r  hr;  for  Shots  4  and  5>  it  was  set  for  12  hr  on  the 
unmanned  YAG  40. 

On  Shot  1  both  ships  were  retrieved  by  tugs  and  towed  unmanned  from 
Bikini  to  Eniwetok  Lagoon.  On  Shots  2,  4,  and  5,  the  YAG  39  was  manned 
and  brought  back  under  her  own  power,  while  the  YAG  40  was  retrieved  by 
a  tug  and  towed  from  Bikini  to  Eniwetok. 

1.5.1  Ships'  Courses  and  Fallout  Predictions.  Selection  of  ships' 
courses  was  particularly  difficult,  because  of  four  conditions  which  had 
to  be  met.  First,  it  was  considered  desirable  to  accumulate  an  amount 
of  activity  on  deck  of  the  unprotected  ship  that  amounted  to  a  peak  dose 
rate  of  between  300  to  1000  r/hr  when  extrapolated  back  to  1  hr.  Posi¬ 
tioning  of  the  ships  to  obtain  these  levels  depended  on  the  wind  struc¬ 
ture,  which  generally  changed  considerably  between  successive  soundings 
conducted  at  3-hr  intervals.  Second,  for  optimum  performance  of  the 
washdown  system,  a  course  heading  generally  into  the  surface  winds  was 
necessary.  Third,  the  ships  had  to  keep  beyond  the  l-psi  air-blast 
overpressure  range  at  the  shot  time.  Fourth,  during  the  unmanned  runs. 
Task  Group  7*3  insisted  that  the  course  not  be  directed  toward  any  of 
the  islands  of  the  atoll. 

Ganana  intensity- time  data  from  a  station  on  YAG  40  were  telemetered 
during  each  run,  either  to  the  aircraft  during  unmanned  runs  or  to  YAG  39 
during  manned  nans.  This  information  assisted  control  parties  in  deter¬ 
mining  course  changes  during  the  run.  Records  from  this  station  located 
on  No.  4  hatch  are  shewn  in  Figure  1.2. 
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The  range  of  peak  dose  rates  needed  to  have  as  high  contamination 
levels  as  possible  without  jeopardizing  decontamination  operations  between 
shots  is  indicated  by  the  decay  lines  in  Figure  1.2. 

Few  useful  results  were  obtained  from  Shot  1.  While  the  ships 


operated  successfully,  the  course  chosen  resulted  in  very  low  levels  of 
contamination.  Although  Shot  2  gave  valuable  data  for  most  of  the 
problems,  the  test  was  not  completely  successful,  because  of  inadvertent 
failure  of  the  control  systems  of  the  test  ships.  As  a  result,  YAG  39 
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and  YAG  40  did  not  follow  the  same  course;  hence,  the  fallout  events 
were  different  for  the  two  ships.  Peak  dose  rate  on  YAG  40  was  within 
the  range  of  desired  levels.  Operations  for  Shot  4  were  successful; 
both  ships  traversed  the  same  course,  within  about  2,000  yd  of  each  other. 
Although  peak  dose  rates  on  YAG  40  were  somewhat  lower  than  desired,  they 
were  high  enough  to  give  useful  data.  Operations  for  Shot  5  were  com¬ 
pletely  successful.  Spacing  between  the  vessels  varied  somewhat  more 
than  during  Shot  4  but  was  generally  within  3>000  yd.  Peak  dose  rates  on 
YAG  40  were  within  the  desired  range. 

1.5.2  Shot  1  Operations.  The  course  for  Shot  1  was  selected  on  the 
basis  of  forecast  winds,  particularly  at  the  lower  levels.  These  were 
generally  easterly  with  shear  toward  westerlies  with  increasing  height. 

A  change  toward  more -westerly  winds  before  shot  time  made  the  possibility 
of  a  successful  run  on  the  west  side  of  the  atoll  dubious;  however,  there 
was  insufficient  time  to  change  the  ships'  initial  position.  Planned  and 
actual  YAG  tracks  are  shown  in  Figure  1.3,  together  with  forecast  and 
actual  directions  of  the  winds.  Wind  hodographs,  as  plotted,  represent 
a  line  on  the  surface  along  which  particles  falling  at  10,000  ft/hr  would 


Figure  1.3  Ship's  course  -  Shot  1. 

land  starting  from  the  indicated  heights  above  ground  zero.  Particles 
falling  at  other  rates,  from  a  given  height,  lie  along  radial  lines 
drawn  from  ground  zero  through  the  given  elevation  on  the  hodograph. 
From  Figure  1.3,  it  is  apparent  that  the  fallout  pattern  lies  almost 
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Figure  1.4  Ship's  course  -  Shot  2. 

entirely  to  the  east  of  the  shot  point  and  mainly  to  the  south  of  the 
hodograph. 

1.3-3  Shot  2  Operations.  As  the  result  of  Shot  1  fallout  data,  the 
course  for  Shot  2  was  selected  on  the  basis  of  forecast  winds  at  levels 
in  the  vicinity  of  30>0OC  ft.  The  actual  tracks  of  the  ships,  together 
with  forecast  and  observed  directions  of  the  winds,  are  shown  in 
Figure  1.4.  The  proposed  course  was  80°,  but  because  of  an  operator's 
error  which  occurred  prior  to  debarking,  it  was  impossible  to  turn  YAG  40. 
It  was  decided  to  keep  the  YAG  39  with  the  YAG  40;  but  this  attempt 
failed,  because  of  a  malfunction  of  radio-control  apparatus  which  con¬ 
verted  a  speed  change  to  a  shutdown  signal  on  YAG  39.  Experience  on  this 
and  the  previous  test  indicated  that  a  successful  run,  with  ships  operating 
as  close  together  as  possible,  would  be  difficult  to  achieve  with  primary 
control  aboard  the  aircraft.  Dosage  time  histories  obtained  from  this 
test  indicated  that  the  YAG  39  could  be  safely  manned,  even  for  a  much 
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more  highly  contaminating  event  because  of  the  washdown  system  and  because 
of  the  very  effective  shielding  provided  by  the  12-in.  concrete  slab 
protecting  the  instrument  recording  room,  to  which  personnel  could  retire. 
Accordingly,  priuary  control  was  shifted  to  YAG  39  during  subsequent  runs. 

1.5*4  Shot  4  Operations.  Operations  were  conducted  to  the  east  of 
the  atoll  with  a  course  toward  the  shot  point  immediately  after  H  hour 
to  an  initial  position  for  Shot  4.  Instead  of  using  30>000-ft  wind  data 
to  select  l  course  for  Shot  4,  the  following  procedure  was  used.  Shot¬ 
time  distance  was  selected  on  the  basis  of  blast  overpressure  and  the 
bearing,  on  the  basis  of  forecast  winds  and  wind  soundings.  The  wind3 
were  used  to  estimate  the  sector  in  which  fallout  from  elevations  corres¬ 
ponding  to  the  lower  part  of  the  mushroom  would  occur.  Within  this 
sector  arrival  times  for  particles  of  various  sizes  falling  from  these 
elevations  were  estimated.  As  nearly  as  practicable,  a  run  was  then 


Figure  1.5  Ship's  course  -  Shot  4. 

chosen  such  that  the  ships  would  inter  sec 'c  the  sector  at  the  onset  of 
fallout  and  that  the  rate  of  advanct  of  fallout  along  the  non  would 
approximately  equal  the  ships'  speec  .  In  this  way  *he  ships  were 
expected  to  remain  within  the  probable  region  of  fallout  for  the 
maxidrum  time.  Ships'  courses  which  vere  generally  in  a  northeasterly 
direction  and  shot-time  win^  soundings  are  shewn  in  Figure  1.5.  Because 
of  an  incorrect  position  report  from  the  aircraft,  instructions  given  to 
YAG  39  resulted  in  a  more  northerly  course  during  the  first  3  hr  than 
anticipated.  Wind  soundings  made  &t  H  f  3  hr  indicated  r  considerable 
shift  of  the  wind  pattern  toward  the  south;  accordingly,  when  these  data 
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had  been  received,  a  course  change  toward  the  southeast  was  instituted 
at  about  H  f  5^  hr.  This  course  was  intended  to  intercept  some  possible 
late  fallout  at  about  8  hr. 


1.5.5  Shot  5  Operations.  Operations  for  this  test  were  similar  to 
those  for  Shot  U.  Ships'  courses  and  shot -time  wind  pattern  are  shown 
in  Figure  1.6. 

1.6  THE  CONTAMINATING  EVENT  ALONG  THE  SHIPS’  TRACKS 

The  heavy  line  shown  on  the  couse  of  the  YAG  Uo,  Figures  1.4,  1.5 
and  1.6,  gives  the  best  estimate  of  the  ships'  location  during  fallout. 
The  legend  give6  the  time  of  start  of  fallout  (accumulation  of  first 
0.1  mr  measured  3  ft  above  the  deck)  and  its  end  as  estimated  from  a 
decay-corrected  plot  of  masthead  intensity  tine  recordings. 

The  periods  shown  are  the  total  times  of  the  principal  fallouts. 

During  these  periods  the  recorded  intensity-time  curves  from  both  ships 
when  corrected  for  decay  show  irregular  increases  in  intensity.  These 
irregularities  indicate  that  the  fallout  on  the  ships  was  neither 
continuous  nor  of  uniform  intensity  and  may  have  ceased  several  times 
during  the  periods  given.  Air  sampling  results  aboard  ship  indicated 
similar  irregularities. 

1.6.1  Gross  Description  of  Fallout  Aboard  Ships.  Limited  observa¬ 
tions  from  a  helicopter  during  Shot  2  fallout  and  from  the  deck  of  YAG  39 

44 


CONFIDENTIAL 


during  Shot  4  fallout  as  well  as  fragmentary  data  from  fallout  photo¬ 
graphy  and  air  sampling  indicate  that  the  fallout  waa  not  visible  as  a 
mist  or  fog  and  that  it  had  a  very  low  particle  concentration. 

In  Shots  4  and  5>  no  visible  deposits  of  material  were  found  on  the 
test  ships;  in  Shot  2,  the  aircraft  on  YAG  40  carried  uneven  patches  of 
a  chalky  substance  on  its  windward  surfaces.  This  chalky  substance  was 
associated  with  the  highest  intensities  found  in  the  post-shot  aircraft 
survey  and  was  readily  removed  by  non-destructive  decontamination  methods. 

1.6.2  Maximum  Accumulated  Dosage.  Accumulated  dosage  for  times  up 
to  50  hr  is  presented  in  Figure  1.7  for  the  YAGs,  Shot  5»  when  maximum 
intensities  were  encountered  aboard  the  test  ships. 


Figure  1.7  Accumulated  dosage  for  YAG  30  and  YAG  4q  after 
Shot.  5. 
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The  significance  of  these  dosage  figures  in  terms  of  medical  effects 
will  not  be  discussed  in  this  report.  They  are  presented  simply  to  show 
that  a  significant  gamma  radiation  hazard  existed  and  that  protection  for 
personnel  is  required. 

The  YAG  40  telemetered  station  data  are  representative  of  the  average 
of  dose  data  from  the  various  topside  weather  areas;  the  vheelhouse  station 
data  are  given  to  show  the  accumulated  dose  at  an  important  duty  station 
in  a  lightly  shielded  area.  Similar  curves  for  YAG  39  (adjusted  for 
fallout  differences  due  to  the  separation  of  the  courses  of  the  two  ships) 
are  presented  for  direct  comparison.  The  area  surrounding  the  telemetered 
station  on  YAG  39  was  the  mo6t  poorly  washed  on  the  ship. 

1.6.3  Decay.  Decay  curves  were  derived  from  information  received 
from  Projects  2.5a  and  2.6a.  Figure  1.8  shews  the  gross  gamma  ionization 


Figure  1.8  Gamma  ionization  decay  curve.  Operation  Castle, 
based  on  information  from  Projects  2.5a  and  2.6a. 
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decay  curves  vised  in  some  sections  of  this  report.  Other  groups  used 
decay  curves  derived  from  their  own  data. 

Beta  ionization  decay  curves  were  also  derived  from  information 
received  from  Projects  2.5a  and  2.6a.  The  beta  decay  curve, 

R  s  R  has  been  used  throughout  the  report  for  the  period  after 

3  days. 

Disintegration  decay  rates  derived  from  information  from  Projects 
2.5a  and  2.6a  were  used  in  the  interior  contamination  studies. 


1.7  FI  AN  OF  FINAL  REPORT  FOR  PROJECT  6.4 

Discussion  of  the  nine  problems  into  which  the  objective  of 
Project  6.4  was  divided  constitutes  the  subsequent  chapters  of  this 
report.  Each  individual  responsible  for  the  work  on  a  particular  pro¬ 
blem  (See  Figure  l.l)  has  written  hi 6  chapter  as  a  complete  report. 

At  the  beginning  of  each  chapter,  its  salient  features  are  set  forth  in 
an  abstract.  The  bulk  of  raw  data  in  most  cases  prevented  its  inclusion 
in  the  report.  Selected  data  and  summaries  are  presented  where  appli¬ 
cable  and  complete  field  data  are  on  file  at  HRDL. 

1.7-1  Limitations  of  the  Report.  The  fallout  region  of  military 
interest  is  defined  as  that  area  beyond  immobilizing  shock  ranges  where 
incapacitating  or  serious  radiation  hazards  exist.  The  ships'  travel 
through  this  region  represents  only  a  small  fraction  of  the  contaminated 
area  of  military  interest,  and  data  from  these  tests  are  directly 
applicable  only  to  vhe  unique  set  of  conditions  existing  along  tne  snips' 
line  of  travel.  Extrapolation  r**  test  results  to  other  conditions  or 
contaminating  events  and  detailed  application  to  combatant  ship  situa¬ 
tions  must  await  further  study  and  correlation  with  data  from  other 
projects,  other  weapon  tests,  and  laboratory  work- 
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Chapter  2 

SHIP -WASHDOWN  COUNTERMEASURES 


H.  R.  Rinnert 

Two  remotely  controlled  ships,  one  of  which  was  protected  by  a 
washdown  countermeasure  and  both  of  which  had  special  structural  con¬ 
figurations  to  simulate  typical  contaminant-collection  surfaces,  were 
guided  through  regions  of  contaminated  fallout  to  determine  the 
effectiveness  of  a  washdown  countermeasure  aboard  a  ship  caught  in  a 
contaminating  event  of  the  type  encountered  at  Operation  Castle. 

Recording  gamma-radiation  detectors  and  postshot  radiation  surveys 
supplied  data  on  the  resulting  radiation  fields  at  various  locations 
aboard  ship. 

The  data  showed  that  gamma  radiation  doses  of  300  r  could  have  been 
received  within  10  hr  after  burst  by  personnel  at  exposed  locations. 

The  washdown  countermeasure  was  found  to  cause  a  87  to  94  percent  reduc¬ 
tion  of  accumulated  gamma  dose  and  a  90  to  96  percent  reduction  of  gamma 
radiation  field  at  exposed  locations  by  the  time  the  fallout  ended. 
Subsequent  washing  for  2  hr  increased  only  these  reductions  to  89  to  95 
percent  for  dose  and  93  to  97  percent  for  dose  rate.  The  transit  dose 
was  estimated  to  have  minor  significance  on  an  unprotected  ship  for  this 
type  of  event.  The  washdown  effectiveness  was  found  to  adversely 
influenced  by  poor  drainage,  low  flow  rates,  and  by  lack  of  maneuvering 
when  the  wind  was  abeam. 

The  washdown  countermeasure  had  a  high  effectivenss  against  fallout 
of  the  type  encountered  during  these  tests,  but  it  should  also  be  field 
tested  for  effectiveness  against  other  types  of  contaminating  events, 
such  as  base  surges.  The  possibility  that  washdown  may  cause  significant 
increases  in  radiation  fields  from  high-capacity  boiler  systems  merits 
investigation. 

2.1  BACKGROUND  AND  THEORY 

Laboratory  tests  and  ship  trials  (References  1,  2,  3)  using  simulants, 
have  indicated  that  a  semi-automatic  washdown  of  the  ship's  weather 
surfaces  is  a  rapid  and  effective  means  of  reducing  the  radiation  hazard 
to  personnel  during  and  after  a  contaminating  attack. 

During  a  contaminating  event,  several  sources  contribute  to  the 
gamma  radiation  intensity  level  at  any  particular  location  aboard  ship. 
These  sources  are  the  contaminant:  (l)  actually  on  the  weather  surfaces; 
(2)  jn  the  air  envelope  surrounding  the  ship;  (3)  dispersed  in  the  water 
envelope  surrounding  the  ship;  and  (4)  passing  through  or  settling  out 
in  the  ventilation  and  boiler  air  systems.  The  relative  contributions 
to  the  overall  intensity  level  at  any  point  will  depend  upon  the 
strength  of  the  individual  sources  and  the  attenuation  afforded  by 
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intervening  structures  and  distance.  It  was  expected  that  the  washdown 
would  be  effective  only  against  that  contaminant  actually  on  the  weather 
surfaces.  Therefore,  even  if  the  washdown  entirely  removed  or  prevented 
the  accumulation  of  contaminant  on  weather  surfaces,  it  was  still  possible 
no  have  a  significant  radiation  intensity  at  various  locations  aboard 
ship.  Tests  performed  with  simulants  had  considered  only  effects  upon 
some  types  of  surface  contaminants.  Therefore,  proof -testing  during  an 
actual  contaminating  event  was  required  to  evaluate  the  washdown  perform¬ 
ance  in  terras  of  reduction  in  radiation  dosage  from  all  sources  of 
contamination. 

The  gamma  radiation  fields  and  integrated  doses  were  studied  as  a 
function  of  time  to  give  a  better  understanding  of  washdown  action.  The 
washdown  W3S  expected  to  suppress  the  buildup  of  contaminant  on  the 
ship's  weather  surfaces  during  the  event.  Following  the  ship's  emergence 
from  the  contaminating  event,  the  effect  was  expected  to  approach  a 
limiting  value,  indicating  that  further  washdown  would  serve  no  practical 
purpose.  A  hypothetical  case  for  gamma  dose  rates  on  the  deck  of  a  ship 
caught  in  radioactive  fallout  is  illustrated  in  Figure  2.1.  A  similar 
figure  could  be  presented  for  integrated  gamma  doses. 

The  percentage  reduction  in  integrated  dose  at  any  time  is  a  measure 


t,  tz  ts 

TIME  AFTER  DETONATION  (NO  SCALE) 


Figure  2.1  Hypothetical  gamma  dose  rates  on  deck  of  ship 
caught  in  radioactive  fallout  from  a  nuclear  weapon. 

of  the  washdown  effectiveness  with  respect  to  the  total  whole -body  gamma- 
radiation  dose  already  received  by  personnel  at  the  given  location. 

Use  of  the  percentage  reduction  in  dose  rate  as  a  measure  of  washdown 
effectiveness  results  in  somewhat  different  interpretations  at  various 
times.  After  the  end  of  washdown  and  of  fallout  (i.e.,  later  than  t 3, 
Figure  2.1),  the  ratio  of  dose  rates  is  equal  to  the  ratio  of  doses  yet 
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to  be  accumulated,  if  it  is  assumed  that  the  decay  is  unaffected  by  the 
washdown;  therefore,  the  effect ivenss  based  upon  dose  rate  is  equal  to 
the  effectiveness  with  respect  to  future  gamma  radiation  dose  expected 
at  that  location.  After  the  end  of  fallout  (i.e.,  later  than  -02),  the 
ratio  of  dose  rates  approximates  the  ratio  of  amounts  of  contaminant  on 
the  ship’s  weather  surfaces;  therefore,  during  this  period  the  effective¬ 
ness  based  upon  dose  rates  is  a  measure  of  effectiveness  with  respect  to 
physical  removal  of  contaminants  from  the  weather  surfaces  and  permits 
correlation  with  prior  tests  in  which  simulants  had  been  used.  During 
the  fallout  (i.e.,  prior  to  t2),  no  special  interpretation  exists,  the 
effectiveness  with  respect  to  dose  rates  simply  is  a  measure  of  the 
suppression  of  radiation  fields  set  up  by  any  and  all  sources  of  ganma 
radiation. 

To  have  a  basis  for  evaluation  of  the  washdown  effect,  two  ships 
with  similar  confi guar at ions  and  surfaces,  one  protected  by  an  installed 
washdown  system,  were  instrumented  alike  and  sent  through  the  contaminating 
event  as  close  together  as  possible.  The  initial  assumption  of  equal 
fallout  on  the  two  ships  was  investigated  by  means  of  instrumentation 
atop  the  forward  kingpost  on  each  ship  (see  Appendix  A  for  details). 
Determination  of  effectiveness  required  that  the  two  ships  have  equal  dose 
rates  and  equal  accumulated  doses  at  any  given  time,  assuming  that  neither 
ship  had  been  washed.  Where  this  requirement  was  not  met,  data  were 
adjusted  to  account  for  the  differences. 

2.2  OBJECTIVE 

The  problem  of  evaluating  washdown  countermeasures  on  ships  caught 
in  a  radioactive  contaminating  event  like  that  encountered  at  Operation 
Castle  was  divided  into  four  subordinate  tasks.  These  were:  (l)  investi¬ 
gation  of  the  relative  magnitude  of  radioactive  fallout  on  the  two  test 
ships;  (2)  determination  of  the  gamma  radiation  dose  rates  and  integrated 
doses  at  different  times  for  comparable  locations  abcrrd  the  test  ships; 

(3)  utilisation  of  this  information  to  determine  the  effectiveness  of  the 
washdown  system  in  terms  cf  the  redaction  of  the  integrated  gamma  radia¬ 
tion  doses  and  the  reduction  of  the  gamma,  radiation  fields  at  various 
times  after  detonation  and  at  locations  simulating  configurations  and 
surfaces  typical  of  combatant  ships;  and  (4)  determination  of  the  influ¬ 
ence  of  the  distribution  of  the  washdown  water,  tho  relative  speed  and 
direction  of  the  wind,  and  the  maneuvers  of  the  test  ships  upon  the 
washdown  effectiveness. 

2.3  INSTRUMENTATION 

Details  of  the  washdown  and  drainage  systems  are  given  in  this 
section,  together  with  the  location  of  the  stations  for  recording  gamma 
intensity- time  data.  No  description  of  the  construction  and  circuitry 
of  the  gamma  detectors  9nd  recording  system  is  given,  since  this 
material  is  covered  in  Chapter  8. 

2.3.1  Washdown  System.  Three  1000-gpm  pumps  took  sea-vater  suction 
at  a  depth  of  approximately  20  ft  below  the  waterline  and  fed  a  main 
piping  loop  located  on  the  main  deck.  Smaller  pipes  extended  from  this 
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main  loop  and  ran  to  various  portions  of  the  decks  and  superstructure, 
where  they  terminated  in  spray  nozzles.  The  locations  of  the  nozzles 
were  determined  by  a  cut-and-  ry  process  which  resulted  in  a  fair  visual 
water  coverage  of  the  weather  surfaces  (Figure  2.2).  Some  areas  were 
covered  better  than  others  to  permit  study  of  the  dependence  of  washdown 
effectiveness  upon  flow  rate.  The  flush-deck  nozzle  used  in  the  flight 
deck  is  shown  in  Figure  2.3*  The  spray  nozzle  used  elsewhere  is  shown 
in  Figure  2.4. 

The  flow  rate  was  recorded  by  means  of  a  disc-type  elec tri -contact 
water  meter  installed  in  a  bypass  of  the  main  water-supply  line.  The 
elec tri -contact  meter  closed  and  broke  an  electrical  circuit  whenever  a 
given  quantity  of  water  had  passed  through  it.  The  electrical  pulse  was 
recorded  as  a  blip  on  paper  running  at  constant  speed.  This  record 
permitted  determination  of  quantity  and  flow  rate  of  water  as  a  function 
of  time. 


2.3.2  Drainage  Systems.  The  flight  deck,  boat  deck,  and  after 
part  of  the  top  of  the  house  were  each  surrounded  by  drainage  troughs 
designed  to  catch  all  surface  runoff,  which  was  gravity  fed  to  individual 
measuring  systems  located  in  the  holds.  These  systems  consisted  of 
strainers  and  disc-type  electri-contact  water  meters  which  fed  water  into 
vented  float  chambers,  which  in  turn  were  drained  by  centrifugal  pumps. 

The  float  in  the  chamber  actuated  a  proportioning  valve,  which  permitted 
the  pump  to  take  sea  suction  to  the  extent  that  it  was  under  constant 
load  without  affecting  the  gravity  feed  of  drainage  water  to  the  meter. 

The  schematic  arrangement  is  shown  in  Figure  2.5. 

2.3.3  Recording  Gamma  Radiation  Detector  Stations.  All  ganana- 
radiation  detector  stations  were  able  to  measure  intensity  levels  ranging 
between  15  mr/hr  and  3&0  r/hr.  Some  stations  could  detect  intensities  as 
low  as  0.15  mr/hr;  others  could  detect  intensities  as  high  as  36,000  r/hr. 

The  general  locations  of  the  various  detector  stations  for  washdown 
evaluation  are  indicated  in  Figures  2.6  and  2.7.  All  weatherside  detector 
stations  and  their  associated  shielding  were  covered  with  plastic  or 
aluminum  domes  extending  to  the  surface  on  which  they  were  located.  The 
domes  had.  an  integral  washing  system  installed  in  order  to  minimize  the 
undesired  buildup  of  contaminant  on  their  surfaces.  Flow  rates  were  of 
the  order  of  6  gpm  per  dome.  On  the  YAG  40,  this  dome  wash  water  was 
caught  in  troughs,  installed  around  the  bases  of  the  domes,  and  led 
overboard  by  interior  drainage  systems.  This  was  done  to  prevent  the 
water  from  disturbing  the  contaminant  on  the  ship's  weather  surfaces. 

On  the  YAG  39 ,  the  dome  wash  water  was  allowed  to  run  off  on  the  decks, 
because  the  flow  rate  was  negligible  compared  to  that  of  the  ship's 
washdown  system  on  any  area. 

Stations  in  the  f ireroom  were  enclosed  in  copper  jackets  which  had 
cooling  water  coils  installed  to  keep  the  temperature  below  the  point 
at  which  damage  to  detectors  and  their  circuits  would  occur. 

Station  10,  on  top  of  the  forward  kingpost  of  each  ship,  was 
enclosed  in  a  2-in. -thick  lead  cylinder  open  only  at  the  top.  The 
adjacent  Station  9  on  each  kingpost  was  unshielded. 

Stations  45  and  46,  on  top  of  the  house,  were  shielded  from  radia¬ 
tion  originating  at  the  stack  and  the  forward  part  of  the  top 
of  the  house  by  lead  2  in.  thick. 
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2.2  Washdovn  of  ship 


Figure  2.3  Flushdeck  nozzle. 


Figure  2.h  Spray  nozzle. 
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Figure  2.;  Schematic  drain-meter  installation. 


i  'I 


Figure  2.6  General  location  of  detector  stations. 
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INNER  BOTTOM 


Figure  2.7  General  locations  of  detector  stations 


Stations  55  and  5 6,  which  were  adjacent  to  the  fireroom  casing  on 
the  second  deck,  were  shielded  from  the  boilers  by  steel  3  in-  thick 
which  simulated  an  armored  deck. 

Station  59*  close  to  the  starboard  boiler  and  in  the  firing  aisle, 
was  shielded  from  the  port  boiler  and  from  overhead  by  2  in.  of  lead. 
Adjacent  Station  5 8  was  unshielded. 

Station  64  was  located  in  the  recorder  room,  which  was  shielded 
from  the  weather  surfaces  by  12-in.  thick  concrete  and  several  deck 
thicknesses  of  steel.  Station  64  was  equipped  with  a  dome  washing 
system  similar  to  those  on  weatherside  stations  but  had  an  intermittent 
washing  action  controlled  by  a  timer  to  permit  determination  of  radiation 
contribution  from  the  dome  wash  water. 

With  few  exceptions,  the  geometrical  centers  of  the  sensitive 
volumes  of  the  radiation  detectors  pertinent  to  this  chapter  were  3  ft 
above  the  surfaces  on  which  they  were  located.  Stations  9  and  10  were 
as  close  to  the  masthead  surface  as  was  practical,  Stations  55  and  56 
were  about  1  ft  above  the  second  deck,  and  station  28  was  about  6  ft 
above  the  bottom  of  No.  2  hold. 

2.3.4  Recording  Wind -Velocity  Indicator.  A  standard  Naval  wind 
direction-and-intensity  indicating  system  was  installed  on  tne  second 
kingpost  of  each  ship.  The  associated  recording  unit  was  placed  in  the 
be tween-deck  recorder  area  of  No.  3  hold. 

2.4  OPERATIONS 

The  dome  wash  system  and  the  recorders  for  water  flow,  wind  veloci¬ 
ties,  and  gamsa  radiation  were  readied  and  set  into  operation  several 
hours  before  detonation  of  the  nuclear  weapon.  This  was  accomplished 
by  the  personnel  of  the  Instrument  and  Interior  Contamination  groups, 
who  cooperated  to  keep  the  special  test  crew  to  a  minimum.  Crew  members 
of  the  YAG  39  readied  the  washdown  system  and  started  the  pumps  prior 
to  detonation  time.  The  water  was  pumped  over  the  side  until  the  tele¬ 
metering  station  indicated  that  the  test  ships  were  entering  the  radio¬ 
active-fallout  area,  at  which  time  the  water  was  fed  to  the  washdown 
system.  The  washdown  continued  for  several  hours  past  the  time  of 
estimated  cessation  of  fallout  as  indicated  by  the  telemetering  station. 

After  the  te,:t  ships  had  returned  to  their  anchorage  and  as  soon 
as  radiatiot  safety  permitted,  the  personnel  of  the  Instrument  Group 
retrieved  the  records,  and  reloaded  and  restarted  the  radiation  recorders 
to  provide  a  continuous  history  of  the  gamma  radiation  aboard  the  test 
ships.  Reduction  of  the  recorded  data  was  begun  immediately.  As  soon 
as  conditions  permitted,  the  instrumentation  and  washdown  system  were 
readied  for  participation  in  the  following  shot. 

2.5  RESULTS  AND  DISCUSSION 

Although  the  test  ships  participated  in  four  shots,  only  Shots  4  and 
5  yielded  significant  washdown-effectiveness  data. 

During  Shot  1,  the  two  ships  were  barely  contaminated.  The  ships 
were  widely  separated  during  Shot  2  and  received  radically  different 
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amounts  ol  fallout;  consequently,  no  direct  comparison  could  be  made.  Pre¬ 
liminary  estimates,  based  upon  insufficient  data,  gave  a  washdown  effective¬ 
ness  with  respect  to  dose  rate  of  about  'JO  percent  for  Shot  1  and  of  greater 
than  90  percent  for  Shot  2.  Lack  of  confidence  in  the  data  discouraged 
spending  more  time  on  evaluating  washdown  effectiveness  for  Shots  1  and  2. 

2.3.1  Relative  Magnitude  of  Fallout  on  the  Test  Ships.  In  the  initial 
planning  of  the  test,  it  was  assumed  that  the  two  test  ships  would  receive 
similar  fallout  because  of  the  size  of  the  contaminating  event  and  the  proxi¬ 
mity  of  the  ships.  During  test  operations,  it  was  realized  that  the  two 
ships  could  not  operate  as  close  together  as  planned  and  some  of  the  dose 
rate  data  from  the  kingpost  stations  indicated  the  probability  of  different 
amounts  of  fallout  having  been  received  on  the  two  ships.  The  kingpost 
stations  had  been  set  up  originally  to  estimate  the  radiological  effects 
from  the  contaminants  in  the  air  envelope  surrounding  the  ship.  Data  from 
these  kingpost  stations  were  found  to  serve  for  estimating  differences  in 
fallout  by  the  technique  described  in  Appendix  A. 

It  was  estimated  that  the  two  ships  received  similar  amounts  of 
fallout  for  Shot  4. 

For  Shot  3i  the  estimates  for  the  effects  cf  dissimilar  fallout  are 
presented  ir.  Figure  2.8. 

Since  the  two  ships  were  some  distance  apart,  there  were  differences 


T !  M  E  AFTER  SHOT  5  (HR) 

Figure  2.8  Estimated  YAG  39/lAG  40  ratio  of  fallout 
effects  as  a  function  of  time  after  Shot  based 
on  shielded  masthead  stations. 

in  the  rates  and  times  'f  arrival  of  fallout.  Because  dose  is  cumulative 
and  dose  rate  is  instantaneous,  the  ratios  of  fallout  effect  based  upon 
dose  and  those  based  upon  dose  rate  were  not  identical  at  any  given  time. 

The  dose  and  dose  rate  data  of  YAG  39  were  divided  by  the  pertinent 
ratios  in  Figure  2.8  to  adjust  the  data  to  the  point  where  the  two  ships 
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DECAYLESS  DOSE  RATE  (R/HR  AT  3  HR) 


could,  be  considered  to  have  received  similar  fallout.  The  unadjusted 
data  for  YAG  39  are  tabulated  in  Appendix  A. 

2.5.2  Periods  of  Fallout  and  Estimate  of  Transit  Dose.  Figure  2.9 
shows  the  data  from  the  masthead  station  that  were  mainly  affected  by  the 
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contaminant  on  the  station  dome  and  in  the  air  envelope.  These  data  were 
corrected  for  decay,  using  the  decay  curve  in  Figure  1.8,  and  were  also 
corrected  for  the  contributions  from  the  deck  areas.  No  adjustment  for 
differences  in  fallout  was  made  in  this  case.  Figure  2.9  is  useful  for 
estimating  periods  of  fallout  on  the  two  ships. 

The  start  of  fallout  (not  deducible  from  this  figure),  occurred  at 
approximated;  O..85  hr  after  shot  time  for  both  Shots  4  and  5« 

During  Shot  4,  the  figure  indicates  several  distinct  periods  of 
fallout,  the  last  of  which  ends  3  hr  after  shot  time.  The  magnitudes 
of  the  peaks  on  the  YAG  40  curve  are  in  doubt,  but  the  fact  that  the 
peaks  occurred  is  undispvted.  Because  the  masthead  station  domes  were 
washed  only  on  YAG  39 >  a  direct  comparison  of  magnitude  of  fallout 
effects  is  impractical.  Note  the  effect  of  rain  which  occurred  at 
approximately  5.5  hr  after  Shot  4.  Because  the  rain  removed  contaminant 
from  the  surfaces  of  the  two  ships,  the  presentation  of  data  and  effective¬ 
ness  for  Shot  4  has  been  limited  to  the  first  5  hr  after  burst. 

During  Shot  5»  the  masthead  stations  did  receive  similar  dome -wash 
treatment;  therefore,  the  differences  observed  in  Figure  2.9  should  be 
due  to  differences  in  fallout.  Apparently,  the  magnitudes  and  durations 
of  fallout  differ  on  the  two  ships.  The  estimated  end  of  fallout  on 
YAG  40  was  at  12  hr  after  shot  time,  whereas  the  fallout  appears  to  have 
continued  for  some  time  after  this  on  YAG  39*  Because  the  washdown  was 
turned  off  at  approximately  11  hr  after  shot  time,  i.e.,  before  the 
estimated  end  of  fallout,  the  presentation  of  data  and  effectiveness  has 
been  limited  to  the  first  11  or  12  hr  after  burst  for  Shot  5- 

Figure  2.9  has  another  feature  which  may  be  of  interest.  Looking 
at  the  YAG  40  curve  of  Shot  5  as  an  example,  it  should  be  noted  that 
the  ordinates  of  the  shaded  area  represent  minimum  estimates  of  the  decay- 
corrected  dose-rate  contribution  of  the  contaminant  in  the  air  envelope 
at  the  station.  Lack  of  time  and  lack  of  knowledge  of  the  shape  of  the 
curve  of  contaminant  buildup  on  the  masthead  dome  prior  to  end  of  fallout 
prevents  rigorous  estimation  of  the  "transit  dose,"  i.e.,  the  dose  due  to 
contaminants  in  the  air  envelope.  A  crude  estimate  may  be  obtained  by 
putting  decay  back  into  the  ordinates  of  the  shaded  area  and  performing 
a  numerical,  integration.  For  what  they  are  worth,  the  crude  results  were 
doses  at  least  greater  than  0.8  r  at  3  hr  after  Shot  4  on  YAG  39  and 
doses  greater  than  23  r  at  12  hr  after  Shot  5*  Taking  estimated  differ¬ 
ences  in  geometry  into  account,  these  figures  lead  to  an  estimate  that 
as  much  as  half  of  the  dose  accumulated  on  the  weather  decks  of  the  wash¬ 
down  protected  ship  at  the  end  of  fallout  may  be  due  to  the  transit  dose. 
Consequently,  the  washdown  baaed  uy  on  reduction  in  gamma  doses  will  always 
be  less  than  100  percent,  even  if  all  contaminants  are  kept  from  the 
weather  surfaces.  Washdown  effectiveness  values  baaed  upon  reductions  in 
dose  were  always  less  than  effectiveness  based  upon  reductions  in  dose 
rate;  compare  Figure  2.22  with  Figure  2.24  and  compare  Figure  2.23  with 
Figure  2.25. 

2.5.3  Gamma  Dose  and  Ganana  Dose  Rates.  The  adjusted  dos-  and  dose 
rate  averages  for  exterior  areas  are  shown  in  Figures  2.10  through  2.13* 
Arithmetic  averages  were  used  in  all  cases.  The  data  for  individual 
stations  are  shown  in  Tables  A.l  through  A. 12,  Appendix  A.  As  early  as 
10  hr  after  burst  on  Shot  5,  the  average  dose  received  at  exposed  loca- 
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tions  was  300  r,  which  indicates  that  dangerous  radiation  effects  nay  be 
encountered  in  contaminating  events  of  this  type.  The  exterior  locations 
were:  the  flight  deck  area,  which  simulated  a  portion  of  a  windswept 
Essex  Class  CV  flight  deck;  the  boat  deck  area,  which  simulated  wooden 
main  decks  adjacent  to  structures  aboard  large  combatant  ships;  the 
forward  main  deck  area,  which  simulated  a  complex  of  steel  deck  including 
open  areas,  gun  tube,  and  deck  houses;  the  after  main  deck  area  (No.  4 
hatch  area),  which  simulated  steel  deck  in  the  lees  of  superstructures; 
and  the  top  of  house  area,  which  simulated  unobstructed  windswept  steel 
decks.  Detailed  study  of  data  from  Station  64  in  the  recorder  room 
indicated  that  the  dome  wash  water  did  not  affect  the  radiation  data  to 
a  detectable  degree.  The  detector  stations  on  top  of  the  house  were 
partially  shielded  and  had  a  geometry  roughly  half  that  of  other  stations 
on  the  decks;  this  fact  precludes  direct  comparison  of  dose  and  dose-rate 
data  with  that  of  other  exterior  areas. 

The  adjusted  dose  and  dose -rate  averages  for  interior  areas  are 
shown  in  Figures  2.14  through  2.21.  The  data  for  individual  stations 
are  shown  in  Tables  A. 13  through  A. 19,  Appendix  A.  The  interior  areas 
were:  the  stateroom  area,  which  simulated  compartments  near  or  adjacent 
to  weather  surfaces;  the  second  deck  area,  which  simulated  compartments 
near  boiler  air  ducts  above  armored  decks  but  fairly  remote  from  weather 
surfaces;  the  bottom  of  No.  2  hold  area,  which  simulated  compartments 
remote  from  weather  surfaces  but  without  much  intervening  structure;  the 
recorder  room  area,  which  simulated  compartments  below  the  waterline, 
adjacent  to  the  shell,  and  well  shielded  from  weather  surfaces;  the 
boiler  firing  aisle  area,  which  simulated  a  fireroom  lower  level  duty 
station  between  boilers;  and  the  starboard  boi3_er  station,  which  measured 
the  radiation  contribution  from  the  lower  level  front  of  the  boiler 
located  ever  the  first  plenum  chamber  from  which  both  boilers  drew  air. 

2.3.4  Washdown  Effectiveness  for  Exterior  Areas.  The  washdown 
effectiveness,  defined  as  the  percentage  reduction  in  accumulated  gamma 
dose  at  exterior  locations,  is  presented  in  Figures  2.22  and  2.23-  The 
values  range  between  87  to  94  percent  at  the  end  of  the  fallout  period, 
considering  both  Shots  4  and  5.  The  values  have  only  increased  to  a  range 
between  89  to  95  percent  as  late  as  2  hr  after  end  of  fallout  from  Shot  4. 
Figure  2.22  shows  that  there  are  only  minor  improvements  in  effectiveness 
values  after  the  end  of  the  fallout  that  occurred  at  3  hr  after  Shot  4. 
Figure  2.23  shows  that  there  are  only  minor  improvements  in  effectiveness 
values  later  than  3  hr  after  Shot  5  and  that  these  values  are  about  the 
same  as  those  for  Shot  4,  even  though  there  *as  fallout  as  late  as  12  hr 
after  Shot  5.  It  wold  appear  that,  for  this  type  of  contaminating  event, 
a  major  benefit  of  the  washdown  was  the  suppression  of  accumulated  gamma 
dose  during  the  fallout  phase. 

The  w&shdcwn  effectiveness  defined  as  the  percentage  reduction  in 
gamma  dose  rates  at  exterior  locations  is  presented  in  Figures  2.24  and 
2.25.  The  values  r"nge  between  90  to  96  percent  at  the  end  of  the  fall¬ 
out  period,  considering  both  Shota  4  and  5-  The  values  have  only  increased 
to  a  range  between  93  to  97  percent  as  late  as  2  hr  after  end  of  fallout 
from  Shot  4.  The  effectiveness  based  upon  lose  rates  shows  a  greater 
dependence  upon  the  rate  of  arrival  of  fallout  than  aoes  the  effectiveness 
based  upon  dose;  however,  the  washdown  does  suppress  the  radiation  fields 
to  a  large  extent,  even  during  the  maximum  fallout  periods. 

62 

CONFIDENTIAL 


CUMULATIVE  GAMMA  DOSE  (H)  CUMULATIVE  GAMMA  DOSE  (R) 


Figure  2.1k  Cumulative  gamma  dose  averages  for  acne 
Interior  areas  vs  time  after  Shot  If. 


Figure  2.15  Cumulative  gamma  does 
averages  for  some  Interior  areas 
vs  time  after  Shot  4. 


Figure  2,16  Gamma  dose  rate 
averages  for  some  interior 
areas  vs  time  after  Shot  4« 
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Figure  2.17  Gamma  dose  rate  averages  for  some  interior 
areas  vs  time  -  Snot  U. 
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Figure  2.l8  Saraa  dose  rate  average  for  some  Interior 
areas  V3  tine  after  Shot  ‘j. 
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WASHOOWN  EFFECTIVENESS  (PER  CENT) 


Figure  2.22  Washdown  effectiveness  achieved  on  some 
exterior  areas  vs  time  after  Shot  k,  based  on 
cumulative  gamma  dose. 


Figure  2.23  Washdown  effectiveness  achieved  on  some 
exterior  areas  vs  time  after  Shot  5>  based  on 
cumulative  gamma  dose. 
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FECTIVENESS  (PER  CENT) 
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Figure  2.24  Washdown  effectiveness  achieved  on  some 
exterior  areas  vs  time  after  Phot  4,  based  on 
dose  rate. 
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Figure  2.26  shows  how  the  washdown  effectiveness  varies  with  the 
decay-corrected  dose  rates ,  which  represent  the  amounts  of  contaminant 
on  the  surface  and  in  the  air  envelope,  using  the  flight  deck  area 
during  Shot  5  as  an  example. 


2. 5 « 5  tfashdcwn  Effectiveness  for  Interior  Areas.  In  the  recorder 
room  and  fireroom  stations,  the  term  "washdown  effectiveness"  has  no 
meaning.  For  these  areas  the  YAG  39/YAG  to  ratios  of  dose  and  of  dose 
rate  are  presented  in  Figures  2.27  through  2.30.  These  areas  are  so 
well  shielded  from  the  weather  surfaces  that  they  are  almost  unaffected 
by  the  removal  of  contaminants  from  the  decks.  The  results  of  the  radia¬ 
tion  contributions  from  the  starboard  boiler  (Station  59)  were  somewhat 
unexpected.  These  results  would  tend  to  indicate  that  the  washdown 
caused  an  increase  in  radiation  effects  from  the  boiler  system  during 
these  tests.  The  magnitudes  of  dose  and  dose  rate  contributed  by  this 
particular  boiler  system  were  almost  negligible  (see  Figures  2.14,  2.17 
and  2.19),  but  it  must  be  pointed  out  that  combatant  ships  draw  very 
much  more  boiler  air  than  these  test  ships. 

The  washdown  effectiveness  values  for  the  other  interior  areas  are 
presented  in  Figures  2.31  through  2.34.  As  might  be  expected,  the  more 
the  areas  are  shielded  from  the  weather  surfaces  the  less  is  the  influ¬ 
ence  of  removal  of  contamination  f*  ’  deck  areas.  Rote  that  the  effective¬ 
ness  values  for  the  stateroom  aiea  a^e  comparable  to  those  of  the  weather 
deck  areas. 

2.5-6  Some  Factors  Influencing  tb.-  Washdown  Effectiveness.  The 
washdown  supply  flow  rates,  the  drainage  flow  rates  from  several  areas, 
and  the  relative  wind  velocities  are  presented  in  Figures  A. 2  through  A. 5 
in  Appendix  A. 

Table  2.1  shows  estimates  of  nominal  flow  rates  of  water  over  various 
exterior  deck  areas. 


Table  .’.l  A  e rage  Water  Flow  Over  Exterior  Deck  Area* 
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The  values  for  the  flight  deck  and  top  of  house  areas  were  obtained  from 
the  measured  drainage  flow  rates.  The  value  for  the  boat  deck  was 
obtained  by  comparison  with  the  flight-deck  values  during  Shot  1,  when 
measurements  from  both  areas  were  available.  The  values  for  the  main 
deck  areas  were  based  upon  the  number  of  nozzles  in  the  areas  and  the 
average  flow  from  each  nozzle,  using  the  flight-deck  area  as  a  means  of 
comparing  estimates  derived  by  this  technique  with  values  determined  by 
measurement . 
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Figure  2.26  Example  of  relationship  between  washdown 
effectiveness  and  decay  corrected  dose  rates  vs 
time  after  Shot  5-  Data  from  flight  deck. 


TIME  AFTER  SHOT  4  (HR) 


Figure  2.27  IAG  J39/IAG  40  ratio  of 
gonna  dose  rates  for  3ome  interior 
area 3  vs  time  after  Shot  4. 


Figure  2.2 9  2AG  39/iiG  40  ratio  of 
cumulative  gamma  dose  for  seme 
interior  areas  vs  time  after  Shot  4 
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WASHDOWN  EFFECTIVENESS  (PERCENT)  YAG  39/YAG  40  RATIO 


TIME  AFTER  SHOT  5  (HR) 


Figure  2.29  Z\G  39/XAG  40  ratio  of  Figure  2.30  UG  39/UG  40  ratio  of 

gemma  done  rate  for  some  interior  cumulative  gamma  dose  for  some 

areas  vs  time  after  Shot  5.  interior  areas  vs  time  after  Shot  5. 


Figure  2.31  Washdown  effectiveness  for 
some  interior  areas  vs  time  after  Shot  4> 
based  on  cumulative  ganroa  dose. 


TIME  AFTER  SHOT  4  (HR) 

Figure  2.32  Washdown  effectiveness  for 
interior  areas  vs  time  after  Shot  4, 
based  on  gamma  dose  rate. 
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WASHDOWN  EFFECTIVENESS  (PERCENT) 


TIME  AFTER  SHOT  5  (HR) 


Figure  2.33  Washdown  effectiveness  for 
come  interior  areas  vs  time  after  Shot  5 
based  on  gamma  dose  rate. 


Figure  2.34  Wachdov.. 
some  interior  areas 
based  on  gamma  dose 
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The  strainer  in  the  boat-deck  drainage  system  clogged  up  during  both 
Shots  4  and  5;  therefore,  the  boat-deck  area  had  to  rely  upon  the  ship's 
roll  for  drainage.  This  drainage  was  seriously  inqpeded  by  the  built-up 
trough  which  had  been  installed  to  trap  all  water  on  the  boat  deck  for 
measurement. 

Comparison  of  effectiveness  values  for  the  boat-deck  and  flight-deck 
areas  indicate  that,  given  similar  water  flow  rates,  a  combination  of 
impeded  drainage  and  sheltered  location  may  adversely  affect  the  washdown 
effectiveness. 

Cojpparison  of  the  three  painted  steel  areas  (i.e.,  main  deck  forward, 
top  of  house,  main  deck  aft),  shows  that  the  washdown  effectiveness  values 
are  in  the  same  relative  order  as  are  the  estimated  water  flow  rates. 

This  may  or  may  not  be  coincidence,  because  there  were  some  differences 
in  the  extent  to  which  these  areas  were  sheltered  from  the  wind  by  nearby 
structures.  British  test  reports  (Reference  4)  claim  virtual  independence 
of  water  curtain  effectiveness  with  retpect  to  flow  rates. 

Figure  2.35  shows  how  the  washdown  appears  when  the  relative  wind  is 
abeam.  To  observe  how  this  would  affect  the  performance  of  the  washdown 
countermeasure,  see  Figure  2.36.  The  YAG  39/YAG  40  ratio  of  dose  rates 
represents  the  fractional  gamma  field  encountered  when  thie  washdown 
system  is  used.  A  comparison  of  these  fractional  fields  is  made  between 
starboard  and  port  stations  on  several  exterior  areas  of  the  ships  for 
Shot  4.  With  the  exception  of  the  flight  deck  area,  results  which  seem 
somewhat  anomalous,  the  trend  indicates  that  there  is  loss  of  washdown 
effectiveness  on  that  side  of  the  ship  which  faces  the  wind  and  which  has 
poorer  water  coverage.  This  points  out  that  zigzagging,  circling,  or 
other  maneuvering  which  helps  the  distribution  of  water  over  the  weather 
surfaces,  is  needed  for  optimum  washdown  effectiveness.  This  confirm, 
similar  conclusions  arrived  at  during  prior  testing  using  simulants 
(References  1,  2).  During  these  tests  the  ships  did  not  follow  sinusoidal 
courses  as  originally  planned;  the  only  maneuvering  done  was  that  required 
for  the  ships  to  maintain  station  on  courses  estimated  to  intercept 
significant  fallout  areas. 

2.6  CORCLUSIONS 

The  objectives  of  obtaining  information  to  allow  valid  determination 
of  washdown  effectiveness  have  been  met  for  the  type(s)  of  contaminating 
events  encountered  at  Operation  Castle.  It  must  be  emphasized  that  the 
following  conclusions  are  based  solely  upon  the  test  results  obtained 
from  Shots  4  and  5  and  my  not  apply  to  other  types  of  contaminating 
events. 

The  greatest  merit  of  the  washdown  countermeasure  was  found  to  be  the 
great  reduction  in  gamma  radiation  fields  and  dosage  during  the  fallout 
of  radioactive  contaminants.  The  reduction  in  accumulated  gamma  dose  at 
exposed  locations  was  found  to  range  between  87  to  9^  percent  at  the  end 
of  the  fallout  period,  whereas  subsequent  washing  for  2  hr  increased  this 
reduction  only  to  89  to  95  percent.  The  reduction  in  gamma  dose  rates  at 
exposed  locations  was  found  to  range  between  90  to  96  percent  at  the  end 
of  the  fallout  period;  whereas  subsequent  washing  for  2  hr  increased  this 
reduction  only  to  93  to  97  percent. 

At  interior  locations,  the  contamination  in  the  water  envelope  and 
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Figure  2.36  Relationship  between  relative  wind  direction 
and  the  starboard/port  comparison  of  YAG  39/YAG  40  ratios 
of  dose  rates  vs  time  after  Shot  4. 
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in  the  salt-water-circulating  and  boiler-air  systems  were  considered  to  be 
responsible  for  the  observed  decrease  in  washdown  effectiveness  with 
increase  in  distance  and  shielding  from  weather  surface  areas.  There  ie 
a  probability  that  the  washdown  was  responsible  for  an  increase  in  the 
radiation  contributed  by  the  boiler;  the  increase  was  high,  but  the  magni¬ 
tude  of  the  radiation  intensity  was  negligible  for  this  particular  boiler 
system. 

The  transit  dose  was  estimated  to  be  of  minor  significance  on  a  ship 
not  protected  by  washdown.  On  a  washdown -pro tec ted  ship,  it  was  estimated 
that  as  much  as  half  of  the  total  dose  accumulated  at  the  end  of  the 
fallout  period  may  be  due  to  the  transit  dose. 

The  washdown  effectiveness  was  found  to  be  adversely  influenced  by 
poor  water  drainage  from  weather  surfaces,  relatively  low  water  supply 
flow  rates,  and  lack  of  maneuvering  when  the  wind  was  abeam. 

Lack  of  time  may  have  prevented  the  full  utilization  of  all  informa¬ 
tion  or  correlations  derivable  from  the  recorded  data  and  postshot  radia¬ 
tion  survery8.  All  data  will  be  processed  and  filed  for  future  screening. 

2.7  RECOMMENDATIONS 

The  washdown  countermeasure  has  been  shown  to  have  a  high  effective¬ 
ness  against  fallout  of  the  types  encountered  during  these  tests,  but  it 
should  also  be  field  tested  for  effectiveness  against  base  surges  or  other 
types  of  contaminating  events  which  may  differ  from  fallout  phenomena. 

Some  nozzles  should  be  located  near  the  sides  of  the  ship  to  minimize 
wind  effects,  any  obstructions  to  drainage  should  be  removed,  and  ships 
should  maneuver  to  help  distribute  the  wash  water  in  order  to  obtain 
optimum  washdown  effectiveness. 

For  future  testa,  it  may  be  advantageous  to  use  one  fast  ship,  with 
washdown  protecting  half  of  it  and  with  test  crews  well  shielded,  instead 
of  two  slow  ships.  This  should  result  in  simpler  operations,  greater 
ability  to  intercept  areas  of  contamination,  and  insure  more-nearly  equal 
contaminating  events  for  the  protected  and  unprotected  teet  areas. 

The  possibility  that  washdown  may  cause  a  significant  increase  in 
radiation  fields  from  contaminants  in  high-capacity  boiler  systems  merits 
fur tier  investigation. 
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Chapter  3 

SHIP  SHIELDING 


C.  F.  Ksanda  A.  Moskin 

The  shielding  effectiveness  of  ships'  structures  for  attenuating 
gamma  radiations  in  interior  compartments  during  and  after  a  contaminating 
event  is  discussed.  The  overall  shielding  factor  is  defined  as  the  ratio 
of  the  dose  rate  within  a  compartment  to  that  measured  above  the  weather 
deck.  Three  sources  of  radiation  are  considered:  deposited,  airborne, 
and  waterborne  radioactive  materials. 

Radiation  was  measured  as  a  function  of  time  in  compartments  below 
decks  and  in  the  superstructure.  To  obtain  data  applicable  to  compart” 
ments  below  armored  decks  of  naval  vessels,  radiation  measurements  were 
made  in  a  lower  hold  underneath  a  12-in. -thick  concrete  deck  and  also 
between  the  main  and  second  decks  underneath  2-in.  ard  4-in.  ?teel  plates. 
Other  measurements  to  determine  the  gross  absorption  characteristics  as  a 
function  of  time  were  made  on  deck  inside  steel  pipes  that  had  wall 
thicknesses  ranging  from  l/8  in.  to  4  in. 

It  was  found  that  the  apparent  absorption  coefficient  increases 
regularly  with  time  and  that  the  shielding  factor  for  below-deck  compart¬ 
ments  decreases  wirn  time  and  distance  from  the  weather  decks.  Further¬ 
more,  of  the  two  shipe  used  for  the  tests,  the  shielding  factor  was 
greater  for  the  ship  that  was  equipped  with  the  washdown  system.  Although 
superstructure  data  were  not  so  consistent,  they  showed  the  same  general 
trend.  Deposited  activity-shielding  factors  for  well-shielded  locations 
show  the  greatest  discrepancy  between  calculated  and  observed  oats. 

The  results  obtained  apply  only  to  the  conditions  of  these  test6 
and  cannot  be  extrapolated  directly  to  conditions  where  the  relative 
magnitude  of  the  three  sources  of  radiation  are  greatly  different. 

3-1  OBJECTIVE 

The  objective  of  this  study  was  to  obtain  data  on  the  shielding 
effectiveness  of  ships'  structures  in  attenuating  gamua  radiations  in 
interior  compartments  during  and  after  a  contaminating  event.  The  study 
was  intended  to  evaluate  the  shielding  effectiveness  of  the  ships' 
structures  with  respect  to  both  radioactive  material  deposited  on  the 
leather  surfaces  and  airborne  radioactive  material  during  the  fallout 
event.  The  information  obtained  was  intended  primarily  for  comparison 
with  theoretical  calculations  to  determine  with  what  confidence  such 
calculations  could  be  «r>olied  to  various  classes  of  naval  vessels,  with 
or  without  washdown  systems. 

To  attain  the  objective,  sev<_  -al  specific  tasks  were  undertaken. 


3.1.1  Measurements  in  Compartments  Below  Peer  Gamma-radiation 
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measurements  were  made  in  several  compartments  below  the  upper  deck 
(main  deck),  removed  from  the  boiler  and  ventilation  air  ducts.  To 
acquire  data  more  nearly  applicable  to  compartments  below  armored  decks 
in  naval  vessels,  dose  rates  and  dosages  were  measured  not  only  in  normal 
compartments  but  also  beneath  the  12-in.  concrete  slab  of  the  instrument 
recording  room  and  beneath  two  steel  plates,  2  in.  and  4  in.  thick, 
mounted  between  the  upper  deck  and  the  second  deck. 

3.1.2  Measurements  in  Compartments  of  the  Superstructure.  Measure¬ 
ments  were  made  in  various  compartments  of  the  superstructure  at  each 
deck  level. 

3.1.3  Measurements  Inside  Eight  Steel  Pipes.  To  obtain  a  gross 
measurenent  of  the  absorption  characteristics  of  the  radiation  as  a 
function  of  time,  continuous  dose-rate  measurements  were  also  made  inside 
a  series  of  eight  steel  pipes,  ranging  from  l/8  in.  to  k  in.  in  wall 
thickness,  mounted  on  the  upper  decks  of  the  two  ships. 


3-2  BACKGROUND  AND  THEORY 

Methods  have  been  devised  for  computing  the  gamma  radiation  intensity 
at  any  point  above  or  below  rectangular  slabs  of  attenuating  materials, 
one  surface  of  which  is  uniformly  contaminated  by  radioactivity  (Refer¬ 
ence  5).  These  methods  have  been  used  at  NRDL  for  computing  the  shielding 
factors  ^  in  belcw-deck  compartments  of  naval  vessels,  considering  the 
weather  decks  to  be  uniformly  contaminated.  These  calculations,  neces¬ 
sarily  for  highly  idealized  situations,  were  intended  to  provide  an 
estimate  of  the  shielding  afforded  from  radioactivity  deposited  on 
weather  surfaces. 

Similar  calculations  have  been  made  for  ships  surrounded  by  a  cloud 
of  radioactivity.  These  results  were  intended  to  provide  an  estimate  of 
the  shielding  afforded  from  airborne  activity  during  the  contaminating 
event. 

A  third  source  of  radiation,  indicated  in  Chapter  2,  is  from  radio¬ 
active  material  in  the  water  surrounding  the  ship.  Because  of  the 
different  geometrical  configuration  of  the  radioactive  material  on 
weather  surfaces,  in  the  air  during  the  contaminating  event,  and  in  the 
water  during  such  time  aB  the  ship  is  in  a  contaminated  region,  the 
shielding  factors  at  any  given  point  will  generally  be  different  for 
each  of  these  three  sources.  The  overall  attenuation  at  any  location 
must  be  evaluated  from  each  of  the  three  shielding  factors  and  the  rela¬ 
tive  contribution  to  the  total  radiation  level  of  each  of  the  three 
sources.  This  subject  is  discussed  in  nc^e  detail  in  Appendix  B. 

The  ultimate  purpose  of  such  evaluations  is  to  provide  a  means  for 
forecasting  the  relative  safety  of  various  locations  on  naval  vessels. 

Such  knowledge  might  provide  a  basis  for  altering  the  disposition  of 
personnel  in  anticipation  of  atomic  attack,  or  for  making  rapid  estimates-- 

^  The  shielding  factor  is  here  defined  as  the  ratio  of  the  dose  rate 
at  the  point  of  interest  to  the  dose  rate  at  a  point  3  ft  abo/e  the 
weather  deck. 
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on  the  basis  of  a  few  topside  measurements— of  the  extent  of  radiation 
casualties  following  such  an  attack. 

Previous  tests  have  furnished  some  shielding  information,  but  the 
data  were  either  fragmentary,  of  low  reliability,  or  difficult  to  inter¬ 
pret  (notably  in  the  case  of  Operation  Crossroads)  or  not  directly 
applicable  to  the  case  of  fallout  of  bomb  debris,  as  in  experiments  using 
single  radioactive  isotopes  as  radiation  sources. 

Project  6.b  offered  the  opportunity  for  studying  shielding  effective¬ 
ness  of  ships*  structures  for  actual  bomb  debris  fallout,  in  addition  to 
supplying  data  directly  applicable  for  interpreting  the  effectiveness  of 
the  washdown  countermeasure  in  interior  compartments.  The  shielding  study 
was  designed  primarily  to  determine  the  shielding  factors,  as  functions 
of  time,  for  material  deposited  on  weather  surfaces,  since  this  was  con¬ 
sidered  co  be  the  major  source  of  radiation.  It  was  also  hoped  to  make 
some  estimate  o.  shielding  from  airborne  activity  during  the  fallout 
event.  Subsequent  analysis  has  indicated  that,  for  these  teats,  shielding 
from  radioactive  material  in  the  sea  water  must  also  be  considered. 

The  steel  pipe  absorption  studies  were  based  on  the  premise  that 
most  of  the  radiation  passing  through  the  pipes  was  incident  almost 
normally  on  the  outer  walls.  Because  of  this  simple  geometry,  it  was 
considered  that  the  complex  radiation  energy  spectrum  at  any  time  could 
be  interpreted  in  terms  of  a  relatively  simple  absorption  curve.  The 
detectors  inside  the  pipes  measured  the  radiation  from  all  directions. 

The  absorption  data  therefore  include  the  build-up  in  intensity  from 
radiations  reaching  the  detector  after  being  scattered  within  the  pipe 
walls,  as  well  as  the  directly  transmitted  radiation.  These  absorption 
data  are  therefore  directly  applicable  as  basic  information  for  computing 
shielding  factors  in  interior  con^artments . 

Dose -rate  histories  were  obtained  to  determine  the  influence  of 
the  changing  radiation  energy  spectrum  with  time,  and  similar  measurements 
were  made  on  both  3hips  to  determine  whether  contaminant  redistribution 
or  selective  removal  of  nuclid  5  by  the  washdown  appreciably  affected 
the  shielding  effectiveness. 

3-3  INSTRUMENTATION 

Dose-rare  data  were  obtained  in  selected  interior  compartments  where 
no  ingress  of  radioactive  contamination  wa3  expected  at  identical  3oca- 
tions  in  both  ships.  Dose-rate  histories  were  obtained  for  estimating 
shielding  effectiveness  as  a  function  of  time.  Details  of  the  gamma 
radiation  detectors  and  recording  system  are  given  in  Chapter  8.  The 
locations  of  the  particular  instruments  of  interest  in  this  chapter  are 
shown  in  Figure  3*1-  Approximate  distances  and  deck  plating  thicknesses 
are  also  shown.  Data  taken  at  other  stations  for  other  studies  may  also 
be  useful,  but  time  limitations  have  precluded  their  use  in  this  report. 

Interior  surveys  were  made  to  determine  the  variation  in  dose  rate 
within  compartments  and,  also,  to  determine  the  correlation  between 
shielding  effectiveness  determined  from  the  recorded  dose  time  histories 
and  from  readings  taken  v.'th  ordinary  survey  meters.  Details  of  the 
surveys  are  given  in  Chapter  9» 

The  location  and  diversions  of  the  steel  plates  are  shewn  in 
Figure  3.2.  Similar  data  for  the  steel  pipes  are  given  in  Figure  3*3* 
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3.4  RESULTS  AND  DISCUSSION 


Adequate  data  were  obtained  from  Shots  2,  4,  and  5  for  both  ships. 
Because  of  the  low  radiation  levels  on  YAG  39  for  Shot  2,  however,  these 
data  Is re  considered  less  reliable  than  the  remainder. 

Results  of  the  analysis  have  been  confined  principally  to  the  deter¬ 
mination  of  overall  shielding  factors,  as  a  function  of  time,  at  the 
locations  shown  in  Figure  3*1 >  and  in  analysis  of  the  steel  pipe  data  to 
determine  the  absorption  characteristics  of  the  radiations  as  a  function 
of  time.  The  overall  shielding  factor,  F,  is  defined  as  the  ratio  of 
the  dose  rate  within  a  compartment  to  that  measured  above  the  weather 
deck.  As  indicated  in  Section  3*2,  the  overall  shielding  factor  applies 
only  for  the  specific  conditions  of  these  tests  and  cannot  be  extrapolated 
directly  to  conditions  where  the  relative  magnitude  of  radiation  levels 
from  deposited  activity,  airborne  activity,  and  waterborne  activity  is  not 
the  same  as  in  these  tests. 

The  results  of  Section  3*4.4,  however,  indicate  that  it  is  possible 
from  the  YAG  40  data  to  estimate  the  shielding  factors  for  deposited 
activity;  these  are  directly  applicable  to  other  conditions.  Further 
analysis  may  make  possible  a  quantitative  evaluation  of  the  radiation 
shielding  from  airborne  and  from  waterborne  activity.  Meanwhile,  certain 
qualitative  conclusions  can  be  made  regarding  the  relative  contribution 
of  these  sources  compared  to  that  from  activity  deposited  on  weather 
surfaces . 

A  predominant  feature  of  all  the  data  from  below-deck  spaces 
(mentioned  in  connection  with  washdown  effectiveness  in  Chapter  2)  is  the 
smaller  apparent  shielding  effectiveness  on  YAG  39  as  compared  to  YAG  40. 
This  observation  may  be  attributed  to  the  fact  that  the  washdown  system 
on  YAG  39  suppresses  the  relative  contribution  of  activity  deposited  on 
the  decks  and,  hence,  increases  the  relative  importance  of  other  radia¬ 
tion  sources  unaffected  by  the  washdown.  It  is  shown  in  Appendix  B  that, 
if  the  contribution  from  airborne  and  waterborne  activity  is  small  com¬ 
pared  to  that  from  weather  surfaces,  the  ratio  of  shielding  factors  for 
the  two  ships  should  be  nearly  equal  to  1.  However,  if  the  contribution 
from  weather  surfaces  is  small  compared  to  that  from  airborne  or  water¬ 
borne  sources,  then  F39/F40  can  approach  a  value  equal  to  the  ratio  of 
the  unshielded  deck  reading  on  YAG  40  to  that  on  YAG  39*  From  Chapter  2, 
this  ratio  can  be  of  the  order  of  10  or  20.  Therefore,  in  locations  well 
shielded  from  weather  surfaces,  it  is  possible  for  the  overall  shielding 
facto*-  on  YAG  39  to  be  an  order  of  magnitude  greater  than  on  YAG  40. 

3.4.1  Below -Deck  Studies.  The  principal  study  of  shielding  at 
locations  below  the  weather  deck  was  made  in  hold  No.  2,  where  four  detec¬ 
tors  were  placed  in  a  vertical  line  to  measure  the  effect  of  increasing 
distance  from  the  weather  deck  and  of  increasing  thickness  of  steel. 
Stations  25  and  26  were  between  the  upper  deck  (main  deck)  and  the  second 
deck,  and  Stations  27  and  28  were  below  the  second  deck.  Ratios  of  dose 
rates  from  these  detectors  to  rates  from  Station  16,  directly  above  on 
the  weather  deck,  are  plotted  against  time  in  Figures  3*4  through  3*9* 

A  similar  study  was  made  between  the  upper  deck  (main  deck)  and 
second  deck  in  No.  1  hold.  Here  the  simulated  flight  deck  was  located 
above  the  hatch  and  the  hold  was  vattr loaded  belov*  the  second  deck  level. 
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Shielding  factors  for  Stations  25,  26,  27  and  Figure  3.5  Shielding  factors  for  Stations 
YAG  40.  Shot  2.  28  on  the  YAG  40,  Shot  h-. 


Figure  3.8  Shielding  factors  for  Stations  25,  26,  27,  and  Figure  3«9  Shielding  factors  for  Stations  25 
28  on  the  YAG  39,  Shot  4.  28  on  the  YAG  39,  Shot  5* 


Ratio?  of  dose  rates  from  Station  7  to  rates  from  Station  2,  directly 
above  on  the  simulated  flight  deck,  are  given  in  Figures  3*10  through  3*14. 

In  addition,  on  YAG  40  only,  two  steel  plates  about  6  ft  sq  were 
mounted  symmetrically  with  centers  10|  ft  on  either  side  of  the  ship’s 
centerline  3  ft  above  the  second  deck.  Station  8  was  located  beneath  the 
center  of  the  2-in. -thick  plate  and  Station  6  beneath  the  4-in. -thick 
plate.  Ratios  of  dose  rates  at  these  stations  to  the  rate  from  Station  2 
are  given  in  Figures  3*10  through  3*14. 

The  remaining  below-deck  location  of  primary  interest  to  this  6tudy 
was  in  the  instrument-recording  room,  hold  No.  4,  Station  64.  The  top  of 
this  room  was  a  12-in. -thick  concrete  slab.  Ratios  of  dose  rates  from 
this  station  to  rates  from  Station  68,  the  nearest  location  on  the  weather 
deck,  and  to  Station  66,  also  above  No.  4  hold  but  farther  forward,  are 
given  in  Figures  3*15  through  3*19* 

One  specific  feature  of  the  data  for  Station  64  on  Shot  4  might  be 
noted.  This  is  the  abrupt  large  increase  in  shielding  factor  for  both 
ships  beginning  at  about  7  hr.  This  increase  can  probably  be  attributed 
to  the  ships'  courses  intersecting  a  region  of  high  water  activity,  since 
the  course  change  at  5%  hr  was  expected  to  bring  the  ships  back  into  the 
fallout  region  at  about  7  to  8  hr. 

Data  from  these  studies  generally  indicate  that  the  shielding  factor: 
(l)  decreased  with  increasing  time;  (2)  decreased  with  increasing  thickness 
of  steel  or  with  increasing  distance  between  the  detector  and  the  upper 
deck;  and  (3)  was  greater  for  YAG  39  than  for  YAG  40  at  comparable  loca¬ 
tions  on  the  two  ships,  the  difference  becoming  progressively  greater 
with  increasing  thickness  of  steel  or  with  increasing  distance  between 
the  detector  and  the  upper  deck. 

Survey  measurements  indicated  a  considerable  spread  in  the  dose 
rates  measured  within  a  given  below-decks  space.  Arithmetic  mean  values 
and  standard  deviations  were  confuted  for  each  set  of  readings  in  each 
space.  In  most  cases,  the  standard  deviation  was  from  0.2  to  0.6  the 
mean  value.  Shielding  factors  determined  from  the  survey  measurements 
generally  were  larger  in  value  than  those  determined  from  continuous 
dose-rate  measurements  at  comparable  times. 

3.4.2  Superstructure  Studies.  Ratios  of  dose  rates  in  superstructure 
compartments  to  rates  above  nearby  open-deck  surfaces  are  given  in  Figures 
3.20  through  3*24.  Because  of  the  complex  geometry  and  light  construction 
of  the  superstructure,  it  i3  probable  that  various  contaminated  surfaces — • 
such  as  the  top  of  the  house,  exposed  superstructure  deck  areas  and  nearby 
regions  of  the  upper  deck  (main  deck) — all  contribute  significantly  to 
the  radiation  from  activity  deposited  on  weather  surfaces. 

Nevertheless,  the  shielding  factors  exhibit  the  same  trends  as  for 
below-deck  spaces,  decreasing  with  increasing  time  and  with  increasing 
distance  of  the  detector  from  the  top  of  the  house. 

3.4.3  Steel-Pipe -Absorption  Studies.  Ratios  of  dose  rates  measured 
inside  the  steel  pipes  mounted  on  No.  2  hatch  to  the  rates  for  the  similar 
unshielded  detector,  Station  15,  are  given  in  Figures  3*25  through  3*32. 

Absorption  curves  were  made  from  these  data  for  each  shot  and  each 
ship.  In  these  curves,  the  shielding  factor  was  plotted  on  a  logarithmic 
scale  against  the  pipe  thickness  on  a  linear  scale.  Despite  the  hetero- 
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Station  64  on  the  YAG  1+0,  Figure  3*3-6  Shielding  factors  for  Station  64  on  the 

YAG  40,  Shot  4. 
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Figure  3.25  Ratio  of  dose  rates  on  shielded  instruments  Figure  3*26  Ratios  of  dose  rates  on  shielded  instruments 

to  rate  on  unshielded  instrument  (No.  15)  YAG  kO,  to  rate  on  unshielded  instrument  (No.  15 ),  YAG  kO, 

Shot  2*  Shot  2. 


geneous  energy  spectrum  of  the  radiation,  the  data  points  generally  fell 
quite  close  to  straight  lines,  indicating  an  exponential  attenuation  of 
the  form  P  =  e~UZ  where  z  is  the  thickness  of  steel.  Here  p  is  an  apparent 
absorption  coefficient  and  should  be  smaller  than  the  usually  quoted  values 
because  the  detectors  also  measure  the  radiation  scattered  by  the  pipe  walls 
Values  of  }T  for  each  shot  computed  by  the  method  of  least  squares,  as 
well  as  overall  averages,  are  given  in  Table  3.1,  for  times  between  2  hr 

TABLE  3.1  APPARENT  ABSOh,  i'IOH  COEFFICIENTS,  p, 

FROM  STEEL  PIPE  STUDIES 


■  -1 

.  Time  after 

Shot  (hr) _ 

Ship 

Shot 

2 

3 

6 

10 

20 

30 

50 

70 

YAG  39 

4 

0.91!) 

0.891 

0.953 

1.015 

1.121 

1.179 

- 

- 

5 

0.951 

0.931 

1.04? 

1.082 

1.205 

1.255 

1.263 

1.246 

YAG  40 

2 

- 

0.999 

1.015 

1.061 

l.l4l 

1.172 

i.181 

- 

4 

0.873 

0.891 

0.901 

1.043 

1.149 

1.119 

1.194 

1.196 

5 

r 

0.929 

0.928 

0.994 

1.061 

1.136 

1.201 

X.228 

- 

Arithmetic 

Mean 

0.917 

o.92e 

0.996 

1.052 

1.150 

1.135 

1.217  ’ 

1.221 

Standard 

Deviation 

Mean 

0.036 

0.044 

0.035 

0.024 

o.028 

0.G42 

0.030 

0.034 

and  70  hr.  The  precision  of  the  data  is  quite  high,  indicating  little 
variation  in  absorption  characteristics  from  shot  to  shcr  or  from  ship  to 
ship.  There  is  e  slight  tendency  for  jl  to  be  greater  for  Shot  5  than 
for  Shot  k  on  both  ships  and,  on  Shot  5,  for  p  on  YAG  39  to  be  greater 
than  for  YAG  hO. 

Absorption  curves  for  various  times,  based  on  the  average  values  of 
u,  are  shown  in  Figure  3*33*  and  p  is  plotted  as  a  function  of  time  in 
Figure  3.34.  Both  these  figures  clearly  show  the  increase  in  attenuation 
with  increasing  time,  indicative  of  a  softening  of  the  radiation  energy 
spectrum, 

3.4.4  Comparison  of  Observed  and.  Computed  Shielding  Factors. 

Values  of  the  overall  shielding  factor,  F,  for  below -deck  stations  are 
plotted  as  a  function  of  the  total  thickness  of  steel  between  the 
detector  and  the  upper  surface  of  the  upper  deck  at  various  times  in 
Figures  3.35  through  3 - 39 •  In  these  plots,  the  12-in.  concrete  slab 
over  the  recording  room  is  assumed  to  be  equivalent  to  3*7  in.  of  steel 
on  an  equal -mass -per -unit -area  basis.  Readings  under  the  2-in. -thick 
steel  plate  have  been  modified  to  more  nearly  correspond  with  the 
expected  reading  under  a  2-in. -thick  deck  by  subtracting  from  them  the 
readings  under  the  4-in.  plate.  This  procedure  was  intended  to  elimi¬ 
nate  the  contribution  of  radiations  not  traveling  through  the  plate 
because  of  its  small  size  (see  Appendix  B). 

Computed  curves  of  the  shielding  factor  for  activity  uniformly 
deposited  on  the  upper  deck  are  also  shown  in  these  figures.  The  method 
of  calculation  is  described  in  Appendix  B. 
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Figure  3*33  Absorption  curves  for  different  times  based 
on  average  values  of  JT. 
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Figure  3«3°  Shielding  factors  as  a  function  of  deck 
thickness  at  10  hr  (u  ■  1.05  in.“^). 
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thickness  OF  STEEL  (  IN.) 

gure  3.39  Shielding  factors  as  a  function  of  deck 
thickness  at  20  hr  (pi  -  I.15  in.'1). 


It  was  concluded  in  Appendix  B  that  the  overall  shielding  factors 
for  YAG  40,  with  the  exception  of  the  recorder  room  station,  should  be 
only  slightly  greater  than  the  shielding  factors  for  deposited  material 
alone.  Comparison  of  the  computed  curves  and  observed  values  on  YAG  bQ 
for  the  lightly  shielded  stations  does,  in  fact,  indicate  a  close  agree¬ 
ment.  There  are  considerable  discrepancies  at  certain  times  between  the 
observed  values  under  the  2-in.  plate  and  the  computed  values;  however, 
the  observed  values  are  sensitive  to  small  instrument  errors,  because  of 
the  correction  described  above  (which  involves  relatively  small  differ¬ 
ences  ) . 

Generally,  the  observed  values  in  the  recorder  room  are  greater  than 
the  computed  values  and  decrease  less  rapidly  with  time.  This  discrepancy 
might  be  caused,  in  part,  by  the  lack  of  exact  equivalence  between  concrete 
and  an  equal  mass  of  steel.  Greater  attenuation  should  occur  for  a  steel 
plate,  because  of  the  greater  photoelectric  absorption  by  steel  of  the 
low  energy  gamma  rays;  this  effect  should  become  more  pronounced  with 
increasing  time,  because  of  the  apparent  overall  softening  of  the  radia¬ 
tion  energy  spectrum.  It  is  also  probable  that  the  increased  importance 
of  activity  in  the  sea  water  at  this  location  causes  part  of  the  discre¬ 
pancy.  This  possibility  is  indicated  in  Appendix  B,  where  it  is  pointed 
out  that  the  shielding  factor  from  deposited  activity  at  this  location 
may  be  considerably  less  than  the  observed  overall  shielding  factor.  One 
further  fact  should  be  pointed  cut:  where  the  attenuation  is  large,  the 
value  of  the  shielding  factor  is  quite  sensitive  to  the  value  of  tne 
absorption  coefficient  u.  For  example,  where  the  attenuation  is  suffi¬ 
cient  to  give  a  shielding  factor  in  the  neighborhood  of  0.001,  a  change 
of  only  15  percent  in  u  will  change  the  confuted  shielding  effectiveness 
by  a  factor  of  2. 

Observed  and  conputed  shielding  factors  as  a  function  of  time  for 
Stations  25,  26,  27,  and  28  on  YAG  ^  are  compared  in  Figures  3.hQ  through 
3.U3.  The  decrease  with  increasing  time  in  the  conputed  values  and  in 
the  observed  values  at  later  times  can  be  attributed  to  a  decrease  in  the 
effective  radiation  energy  with  time.  The  more -rapid  decrease  in  some  of 
the  observed  values  at  early  times,  particularly  evident  for  the  Shot  2 
data,  may  be  caused  by  a  change  with  time  in  the  relative  contributions 
from  airborne  and  deposited  activity  to  the  total  radiation  field.  This 
possibility  is  consistent  with  calculations  indicating  less  attenuation 
from  activity  in  the  air  surrounding  the  ship  than  for  deposited  activity 
because  of  the  different  geometry  of  the  sources. 

3.5  COHCUJSIONS 

1.  Determination  of  the  shielding  effectiveness  of  ships'  struc¬ 
tures  from  the  data  of  this  study  is  complicated  by  the  fact  that  the 
measured  dose  rate  at  any  location  may  be  due  to  radioactivity  deposited 
on  both  horizontal  and  vertical  weather  surfaces,  to  activity  in  the  air 
during  fallout,  and  to  activity  in  sea  water.  The  overall  shielding 
effectiveness  at  any  location  depends  on  the  magnitude  of  each  of  these 
various  sources  of  radiation  and  on  the  shielding  provided  by  the  ship's 
structure  for  each  of  these  sources. 

2.  The  overall  shielding  factor,  defined  as  the  ratio  of  the  dose 
rate  in  a  compartment  to  the  dose  rate  measured  at  an  unshielded  location 
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gure  3.U0  Comparison  of  computed  and  observed  Figure  3«^1  Comparison  of  computed  and  observed 

shielding  factors,  YAG  40,  Station  25.  shielding  factors,  YAG  4-0,  Station  26. 


above  the  weather  deck,  was  found  as  a  function  of  time  for  various 
locations.  The  following  general  conclusions  can  be  made:  (a)  the 
shielding  factor  decreased  with  increasing  time,  an  observation  which 
may  be  attributed  to  a  decrease  in  the  effective  gamma  radiation  energy 
with  increasing  time;  (b)  for  below -deck  compartments,  the  shielding 
factor  decreased  with  increasing  thickness  of  steel  and  with  increasing 
distance  between  the  detector  and  the  upper  deck;  (c)  in  below-deck 
compartments  the  overall  shielding  factor  was  greater  on  YAG  39  than  on 
YAG  40.  This  difference  can  be  attributed  to  the  large  reduction  in 
activity  on  the  YAG  39  weather  decks  effected  by  the  washdown  system, 
which  does  not,  however,  appreciably  influence  other  radiation  sources. 

3.  Data  from  superstructure  compartments  were  not  so  consistent 
as  from  below-deck  spaces,  probably  because  of  the  more -complicated 
geometry  and  relatively  light  construction  of  the  superstructure.  Overall 
shielding  factors  in  superstructure  locations,  however,  did  tend  to 
decrease  with  increasing  distance  of  the  location  from  the  top  of  the 
house  and  also  decreased  with  increasing  time. 

4.  Shielding  factors  at  locations  between  the  second  deck  and  the 
upper  deck  were  in  the  range  from  0.1  to  0.2  on  YAG  40  and  from  0.15  to 
O.30  on  YAG  39*  In  the  hold,  the  values  ranged  from  0.03  to  0.05  on 
YAG  40  and  from  0.06  to  0.10  on  YAG  39*  In  superstructure  compartments 
on  both  ships,  the  values  generally  were  in  the  range  from  0.1  to  0.6. 

5.  Dose-rate  data  within  the  steel  pipes  mounted  on  the  upper  deck 
provided  a  series  of  absorption  curves  at  various  times  for  each  shot  and 
for  each  ship.  These  curves  indicated  an  approximately  exponential 
attenuation  of  the  radiations  by  a  steel  absorber.  It  vas  possible  to 
evaluate  apparent  absorption  coefficients  which  were  found  to  increase 
regularly  with  increasing  time.  Ihis  apparent  absorption  coefficient 
included  the  build-up  effect  of  radiations  reaching  the  detector  after 
being  scattered  within  the  pipe  walls. 

6.  Overall  shielding  factors  on  YAG  4o  are  believed  to  proved  a 
good  approximation  to  the  shielding  factors  for  activity  deposited  on  the 
deck  surfaces.  Calculations  of  shielding  factors  for  deposited  activity, 
using  the  absorption  data  from  the  pipe  studies,  were  found  to  agree  well 
with  observed  values  on  YAG  40.  The  greatest  discrepancy  was  found  for 
the  most  highly  shielded  location  in  the  instrument  recorder  room.  At 
such  locations,  however,  it  is  not  practical  to  compute  a  precise  value. 

The  shielding  factor  for  this  location  is  quite  sensitive,  both  to  the 
thickness  of  steel  traversed  by  the  radiations  and  to  the  value  of  the 
apparent  absorption  coefficient.  For  example,  a  15  percent  change  either 
in  the  assumed  thickness  of  steel  between  the  detector  and  the  deck  or 

in  the  value  of  the  apparent  absorption  coefficient  will  alter  the  shielding 
effectiveness  by  a  factor  of  2.  Another  uncertainty  about  locations 
well-shielded  from  radioactive  sources  on  the  weather  deck  is  the  contri¬ 
bution  from  other  sources,  particularly  waterborne  activity  or  activity 
which  adheres  to  the  ship's  hull. 

3.0  RECOMMENDATIONS 

Further  analysis  of  the  data  from  this  project  and  from  other  fallout 
measurement  projects  may  make  possible  the  determination  of  the  shielding 
effectiveness  for  radiations  from  airborne  and  waterborne  activity.  These 
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results  should  be  compared  vith  calculations.  In  future  tests,  instrumen¬ 
tation  should  be  provided  to  better  separate  the  radiations  from  the  various 
sources. 

Further  analysis  of  the  data  should  be  made  to  provide  shieldir** 
factors  for  times  greater  than  those  covered  in  this  report.  This  informa¬ 
tion  would  be  of  value  in  determining  the  shielding  effectiveness  with 
respect  to  integrated  dosage. 

The  discrepancy  between  shielding  values  obtained  by  various  measuring 
devices  should  be  further  investigated. 

The  shielding  factor  for  well-shielded  locations  cannot  be  predicted 
precisely,  because  small  changes  in  such  parameters  as  deck  thickness  and 
absorption  coefficients  cause  large  changes  in  the  shielding  factor.  Deck 
thicknesses  are  not  constant,  and  absorption  characteristics  of  the  radia¬ 
tions  for  any  particular  situation  cannot  be  exactly  predicted.  However, 
further  study  of  the  reliability  of  predicted  shielding  factors  at  well- 
shielded  locations  should  be  made. 
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Chapter  4 

SHIP  DECONTAMINATION 

F.  S.  Vine 

During  the  period  1  February  to  25  May  195^ ,  two  teat  ships, 

YAG  39  and  YAG  40,  were  exposed  to  fallout  from  nuclear  detonations 
during  Operation  Castle  and  received  radioactive  contamination  on  three 
occasions.  After  Shot  2,  only  the  YAG  40  required  decontamination;  the 
YAG  39>  a  washdown-fitted  ship,  apparently  received  a  negligible  amount 
of  contaminant.  Neither  ship  needed  decontamination  after  Shot  4:  both 
were  decontaminated  following  Shot  5* 

The  decontamination  procedures  were  placed  in  two  categories: 
"experimental"  and  "operational."  There  were  five  experimental  procedures 
consisting  of  various  combinations  of  firehosing,  hot-liquid  -jet  cleaning, 
and  scrubbing  with  deck  brushes.  The  operational  procedure 3-- -which 
included  the  use  of  removable  protective  coatings,  paint  removal  with 
chemical  stripper,  resurfacing  of  wood  decks  and  washing  with  a  high 
pressure,  large- volume  hot- liquid  jet — were  employed  primarily  to 
reduce  the  radiation  levels  sufficiently  to  permit  continued  ship  opera¬ 
tions  within  Task  Force  exposure  limits  for  personnel. 

In  the  decontamination  of  the  YAG  40  after  Shot  2,  the  experimental 
procedures,  exclusive  of  the  effect  of  decay,  removed  an  average  of 
59  percent  of  the  detectable  contaminant,  as  determined  by  beta  measure¬ 
ment,  and  nondestructive  operational  methods,  as  a  followup,  removed 
38  percent  of  the  remainder,  or  a  total  reduction  of  76  percent.  Where 
operational  methods,  including  chemical  stripping,  were  employed  in 
nonexperimental  work  on  both  ships  after  Shot  5,  the  overall  effectiveness 
did  not  vary  materially  from  the  combined  effect  of  experimental  and 
operational  procedures.  A  total  reduction  of  8C  b0  percent  in  the 
average  gamma  dose  rate  was  obtained  in  all  ins  mc t., ,  as  the  combined 
result  of  decontamination  and  the  natural  decav  .  .ng  the  extended  time 
required  for  decontamination. 

It  is  concluded  that  a  washdown  system  is  the  most-effective  tactical 
decontamination  countermeasure  presently  available  and  that,  for  ships 
not  having  washdown,  a  combination  of  firehosing  and  scrubbing  witri 
detergent  is  a  satisfactory  interim  decontamination  procedure  for  a 
tactical  situation.  Protective  coatings  must  be  further  developed  and 
improved  to  meet  the  requirements  of  a  tactical  procedure. 

Recommendations  are  made  that  combat  and  support  vessels  be  fitted 
with  some  form  of  washdown  system  and  that,  as  an  alternate  or  supporting 
procedure,  materials  and  equipment  for  firehosing  and  scrubbing  be  supplied 
tc  ships  and  that  their  personnel  be  properly  trained  in  ship  decontamina¬ 
tion  with  these  methods. 


CONFIDENTIAL 


4.1  BACKGROUND 


Subsequent  to  the  Bikini-Baker  tests,  attempts  were  made  to  effect 
gross  decontamination  of  certain  test  ships.  The  results  of  these  efforts 
were  inconclusive.  Later  and  continuing  laboratory,  engineering- scale 
and  land-based  fie Id- operation  tests  produced  decontamination  methods 
and  techniques  of  varying  complexity  and  potential  effectiveness. 

A  number  of  these  were  discarded,  at  least  temporarily,  as  unsatis¬ 
factory  for  reasons  of  inapplicability  to  large-scale  operations, 
ineffectiveness  relative  to  the  effort  and  equipment  required,  disposal 
of  contaminated  vaste,  inherent  industrial  hazards  and  fire  and  explosion 
dangers.  Two  categories  of  methods  were  ultimately  established:  non¬ 
destructive  and  destructive.  The  nondestructive  methods  consisted  of 
firehosing,  hot- liquid- jet  cleaning,  and  scrubbing  with  soap  or  detergent 
additives.  The  destructive,  or  surface-removal,  methods  involved  the 
use  of  cutting  or  abrasive  tools  and  machinery,  chemical  reagents, 
chemical  strippers  and  flame  cleaners,  all  of  which  were  potentially 
dangerous,  relatively  elov,  and  often  undesirable  because  of  their 
detrimental  effect  on  the  decontaminated  surfaces.  They  were,  therefore, 
considered  to  be  limited  to  use  in  BO-called  industrial  decontamination 
operations. 

With  the  continued  growth  in  importance  of  nuclear  weapons  in  con- 
sideiations  of  naval  warfare,  it  became  apparent  that  means  had  to  he 
devised  for  the  radiological  protection  of  combat  and  support  vessels 
which  might  become  radioactive ly  contaminated  during  the  execution  of  a 
tactical  mission.  This  requirement  resulted  in  the  development  of  the 
washdown  system.  Hie  problem  of  ships  not  fitted  with  this  dovxco  still 
remained.  Furthermore,  the  e-tual  extent  of  either  the  protection  or 
the  decontamination  afforded  by  the  washdown  system  was  unknown,  since 
only  limited  testing  with  nonradioactive  simulants  had  been  accomplished 
and  a  need  for  additional  decontamination  could  reasonably  be  expected. 

It  was  evident,  therefore,  that  test  ships  should  be  subjected  to 
the  fallout  from  a  nuclear  weapon  in  order  that  the  applicable  recovery 
procedures  could  '  ^/aluated  and  effective  countermeasures  ultimately 
provided  for  naval  ships. 


4.2  OBJECTIVES 

The  general  purposes  of  Project  6.4  during  Operation  Castle  was  to 
field  test  procedures  and  countermeasures  for  snips  subjected  to  radio¬ 
active  fallout  from  a  nuclear  detonation.  Specific  objectives  were  to: 
(1)  evaluate  various  combinations  of  firehosing,  hot  liquid  jet  cleaning 
and  scrubbing  (with  detergent)  with  regard  to  removal  of  contaminant, 
manpower  effort  and  the  equipment  and  materials  required;  (2)  recommend, 
on  the  basis  of  the  shove  information,  an  interim  countermeasure  for  the 
tactical  recovery  of  ships  contaminated  by  the  fallout  from  a  nuclear 
detonation;  (3)  investigate,  on  a  suitable  scale,  the  characteristics  of 
removable  coatings  for  protecting  ships'  weather  surfaces  from  radio¬ 
activity  and  for  facilitating  subsequent  decontamination;  and  (4)  reduce, 
as  iiecessary,  the  total  radiation  levels  of  the  two  test  ships  to  permit 
participation  ir  subsequent  shots  without  exposing  operating  personnel 
to  radiation  in  excess  of  the  limits  permitted  by  the  task  force. 
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4.3  INSTRUMENT  TICK 

The  instruments  required  for  the  procurement  of  decontamination 
evaluation  data  were  the  AN/PDR-TIB  gamma  meter  and  the  NRDL  RBI- 3 2 
beta  probe.  These  instruments  and  the  procedures  followed  in  procuring 
the  test  data  are  described  in  Chapter  9- 

4.3.1  Decontamination  Facilities.  To  facilitate  decontamination 
operations,  water  and  steam  outlets  were  provided  on  the  main  deck  of 
the  TAG  39-  Twelve  locations  were  chosen,  six  forward  of  the  super¬ 
structure  and  six  aft,  equally  distributed  to  port  and  starboard.  This 
arrangement  made  it  possible  to  connect  firehose  and  steam  hose  lines 
in  close  proximity  to  the  areas  being  decontaminated.  Each  outlet  pro¬ 
vided  2  l/2- in.  and  1  l/2-in.  firehose  and  2-in.  and  1  l/4-in.  steam 
connections.  The  firehose  outlets  were  connected  to  the  main  washdown 
trunk  and  the  steam  outlets  were  connected  to  existing  deck  steam  lines. 
Water  for  decontamination  was  supplied  by  one  of  the  1,000-gpm  washdown 
pumps  and  steam  was  provided  by  the  ships'  boilers.  At  the  outlets  water 
pressure  was  maintained  at  80  to  90  psig  and  steam  pressure  was  125  psig. 

4.3.2  Decontamination  Zones.  Previous  experience  had  shown  that 
it  was  virtually  impossible,  because  of  the  influence  of  residual  radio¬ 
activity,  to  evaluate  accurately  the  effectiveness  of  a  decontamination 
method  or  procedure  on  a  surface  that  had  previously  been  contaminated 
and  decontaminated;  consequently,  the  experimental  phase  of  the  investi¬ 
gation  was  limited  to  the  first  successful  contaminating  event.  To  insure 
the  independent  evaluation  of  the  various  decontamination  procedures, 
each  ship  was  divided  into  six  zones,  each  of  which  was  subdivided  into 
two  sections,  as  shown  in  Figure  4.1. 

4.3.3  Decontamination  Equipment.  All  decontamination  operations 
were  accomplished  with  ship's  allowance  or  available  commercial  equip¬ 
ment.  A  summary  and  brief  description  of  equipment  required  for  the 
various  methods  follows: 

Firehose :  2  l/2-in.  and  1  l/2-in.  rubber  lined  firehose  as  procured 

from  General  Stores.  Play  pipes  and  Griswold  4  NAP  fog  nozzles  were  also 
standard  stock  items. 

Hot-Liquid- Jet  C leaning :  Two  sizes  of  commercially  available  units 
were  used*  1250  gph  type  B  unit  and  3  6000  gph  unit.  The  large  unit 
was  designed  by  the  manufacturer  to  be  used  with  a  Butterworth  washing 
machine  for  cleaning  an  oil  tanker's  interior  compartments.  To  adapt 
it  for  decontamination  work,  NRDL  fabricated  a  portable  turret  nozzle. 
This  unit,  consisted  of  a  Grinnel  anti-torque  nozzle  mounted  on  a  Sellers 
fog  generator  frame.  The  original  nozzle  orifice  was  replaced  with  a 
standard  1  l/2-in.  firehose  play  pipe.  A  "Chiksan"  coupling  permitted 
a  360-degree  horizontal  traverse.  Interference  by  the  mounting  frame 


^"Mfg.  by  Sellers  Injector  Corporation,  1600  Hamilton  St.,  phila.  30,  Pa. 
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SUPERSTRUCTURE 
AND  BOAT  DECK 


limited  the  vertical  angle  to  approximately  70  degrees.  The  entire 
assembly  is  shown  in  the  photograph  section  of  Appendix  C. 

Band  Scrubbing:  Standard  stock  deck  scrubbing  brushes  were  used. 

The  detergent  used  vas  Cleaning  Compound  C-12CT  which  is  compatible  with 
salt  water. 

Surface  Removal:  The  surface  removal  equipment  included: 

(a)  Tennant  machine^  equipped  vitji  revo  tool  cutters  or  wire  brush. 

(b)  Aurand  air-driven  revo  tools.  c 

Paint  Stripping:  Hudson  Peerless  Sprayer, '  Model  43030,  50-gal. 
capacity  vas  used. 

4.4  OPERATIONS 

The  decontamination  operations  were  controlled  and  directed  from 
the  ATF-106  during  decontamination  of  the  TAG  39  and  from  the  TAG  39 
during  decontamination  of  YAG  40.  In  both  cases,  steam  and  water  were 
supplied  by  TAG  39-  Ship- to- ship  communication  was  maintained  by  means 
of  power  megaphones.  When  close  supervision  was  required,  Project  6.4 
personnel  boarded  the  ship  with  the  working  teams.  This  practice  was 
kept  to  a  minimum  to  conserve  the  dosage  of  the  limited  number  of  project 
personnel  available. 

4.4.1  Decontamination  Procedures,  Shot  2.  Five  different  decon¬ 
tamination  procedures  were  evaluated  on  the  YAG  40  after  Shot  2.  The 
procedures  consisted  of  three  basic  methods:  firehosing,  hot- liquid- jet 
cleaning,  and  hand  scrubbing  with  0120  detergent0  which  is  compatible 
with  salt  water. 

Two  or  more  of  the  methods  comprised  each  of  the  procedures.  The 
decontamination  procedures  were  arranged  in  stepwise  sequences  as  follows: 

Procedures  S  (Standard):  Step  1,  Firehosing  at  100  sq  ft/min;  Step 
2,  Hot-liquid- jet  cleaning  at  100  sq  ft/min;  Step  3,  Hand  scrubbing  at 
25  sq  ft/min;  and  Step  4,  Firehosing  at  200  sq  ft/min. 

Procedure  A:  Step  1,  Hot-liquid-jet  cleaning  at  100  sq  ft/min; 

Step  2,  Hand  scrubbing  at  25  sq  ft/min;  and  Step  3>  Firehosing  at  100 
sq  ft/min. 

Procedure  B:  Step  1,  Hot- liquid- jet  cleaning  at  100  sq  ft/min; 

Step  2,  Hand  scrubbing  at  25  sq  ft/min;  and  Step  3>  Hot  liquid  jet 
cleaning  at  100  sq  ft/min. 

Procedure  C:  Step  1,  Firehosing  at  100  sq  ft/min;  Step  2,  Hand 
scrubbing  at  25  sq  ft/min;  and  Step  3,  Firehosing  at  200  sq  ft/min. 

Procedure  D:  Step  1,  H°t  liquid  Jet  cleaning  at  100  sq  ft/min, 
and  Step  2,  Firehosing  at  100  sq  ft/min. 

4.4.2  Sequence  of  Operations:  Each  zone  except  Zone  3>  vhich  was 


^BuAer  Item  Stock  No.  R51C1569-100  (50- lb,  container) 

Stock  No.  R51C1569-125  (200  to  250- lb.  container). 

~Mfg.  by  G.  H.  Tennant  Company,  2520  N.  Second  St.,  Minneapolis  11,  Minn. 
Slfg.  by  Aurand  Manufacturing  and  Equipment  Company,  2643  Colerain 
rA venue,  Cincinnati  25,  Ohio. 

^Mfg.  by  H.D.  Hudson  Manufacturing  Company,  589  E.  Illinois  Street, 
^Chicago,  Illinois. 

Cleaning  Compound,  Specification  C-120  (new  specification,  MIL-C-7907) 
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reserved  for  protective  coating  studies,  was  decontaminated  in  accordance 
with  the  assigned  procedure. 

A  stepwise  description  of  Procedure  S  is  typical,  since  all  other 
basic  procedures  were  variations  of  it. 

(a)  Radiological  survey  (gamma  and  beta  readings)  taken  (aee  Chapter 


9)- 

(b)  Surface  firehosed  with  a  2  1/2- in.  firehose  at  the  rate  of  100 
sq  ft/min,  90  psig  average  pressure.  Area  was  firehosed  from  centerline 
of  ship  to  rail,  progressing  from  forward  or  aft  to  superstructure  follow¬ 
ing  sheer  of  ship. 

(c)  Radiological  survey  taken. 

(d)  Surface  cleaned  with  a  1250-gal/hr  hot  liquid  jet  at  rate  of 
100  sq  ft/min;  nozzle  delivery  at  125  psig  and  180°F  average  temperature. 
Detergent  C-120  was  educted  through  the  injector  unit.  This  required  a 
20  percent  solution  (by  weight)  for  a  1  percent  concentration  at  the 
nozzle.  Cleaning  was  from  centerline  to  rail  and  followed  the  sheer  as 
with  firehosing. 

(e)  Surface  hand  scrubbed  at  rate  of  25  sq  ft/min  with  deck  brushes. 

(f)  Surface  firehosed  with  2  l/2-in.  firehose  at  the  rate  of  200  sq 
ft/min,  90  psig  average  pressure.  Forward  progress  same  as  Step  1. 

(g)  Radiological  survey  taken. 


U.4,3  Decontamination  Procedure,  Zone  3»  Zone  3  'was  coated  with 
the  radiological  protective  coating,  Mare  Island  Formula  980.  This  zone 
was  decontaminated  using  the  procedure  developed  for  removal  of  the 
protective  coating  in  preliminary  tests  on  the  YAG  39  (See  Appendix  C). 
The  procedure  consisted  of  the  following  steps: 

(a)  The  surface  was  sprayed  with  a  2-percent  solution  of  caustic 
soda  (commercial  grade  NaOH). 

(b)  After  allowing  caustic  to  react  for  5  to  19  min,  surface  was 
flushed  with  a  1  l/2-in.  firehose  at  a  rate  of  20  sq  ft/min,  90  psig 
average  pressure. 

(c)  Surface  cleaned  with  1250-gal/hr  hot  liquid  Jet  at  20  sq  ft,/ 
min;  minimum  temperature  of  l80°F' 

4.4.U  Operational  Decontamination  Procedures.  Shot  2.  Upon  com¬ 
pletion  of  the  tactical  procedures,  decontamination  of  the  YAG  40  was 
continued  on  an  operational  basis.  All  weather  surfaces  except  the  top 
of  the  wheel  house  received  the  same  treatment,  which  consisted  of  a 
thorough  cleaning  with  the  6000- gal/hr  hot  liquid  jet  and  NRDL  turret 
nozzle  at  a  rate  of  approximately  80  sq  ft/min.  The  average  delivery 
pressure  and  temperature  were  160  psig  and  185°F-  A  saturated  solution 
of  C-120  detergent  was  educted  through  the  injector  unit  and  comprised 
approximately  5  percent  of  the  total  delivery  through  the  nozzle.  When 
a  convenient  area  had  been  cleaned  in  this  manner,  the  6000-gal/hr 
turret,  was  used  to  wash  the  same  surface  and  flush  off  the  detergent 
with  clear  hot  water,  also  at  80  sq  ft/min. 

The  top  of  the  wheel  house  was  hand  scrubbed  using  a  1- percent  solu 
tion  of  C-120  detergent  and  was  then  flushed  with  a  1  l/2-in.  firehose. 

The  wood  boat  deck,  in  a  final  operation,  was  resurfaced  with  a 
Tennant  machine  equipped  with  a  wire  brush  tool.  With  the  wire  brush 
installed  the  machine  could  be  operated  at  approximately  200  sq  ft/hr. 
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The  Tennant  machine  was  modified  for  connection  to  a  Roto-Clone  dust 
collector  but  this  accessory  was  dispensed  with  because  of  mechanical 
malfunctioning. 

4.4.5  Operational  Decontamination  Procedures,  Shot  5.  After  Shot 
5  both  the  TAG  39  and  TAG  40  were  decontaminated  with  operational  pro¬ 
cedures. 

With  the  exception  of  the  flight  deck,  boat  deck,  and  adjoining 
bulkheads  and  the  top  of  the  wheel  house,  the  weather  surfaces  of  the 
YAG  39  were  cleaned  with  the  6000-gal/hr  hot  liquid  Jet,  both  alone  and 
in  conjunction  with  hand  scrubbing.  Additional  passes  were  made  in  all 
areas  except  the  flight  deck  and  Zone  2. 

The  top  of  the  wheel  house,  the  superstructure  bulkheads  above  the 
boat  deck,  and  the  boat  deck  itself  were  cleaned  with  the  1250-gal/hr 
hot  liquid  jet,  scrubbed  with  C-120  detergent,  and  then  firehosed.  The 
yellow  plastic  enamel,  with  which  the  top  of  the  wheel  house  was  coated 
to  facilitate  aerial  identification,  did  not  respond  to  these  decontami¬ 
nation’  methods,  and  the  enamel  was  subsequently  removed  by  repeated 
applications  of  caustic  soda. 

The  flight  deck  of  YAG  39  was  coated  with  Mare  Island  Formula  980 
protective  coating  as  a  means  of  facilitating  any  subsequent  decontami¬ 
nation.  It  was  removed  as  follows: 

(a)  Liberally  applied  caustic  soda  solution  with  deck  swabs.  No 
areas  were  permitted  to  dry  prior  to  washing. 

(b)  Removed  caustic  and  protective  paint  with  the  6000-gal/hr  turret. 

All  topside  weather  surfaces  of  the  YAG  40  were  painted  with  the 

experimental  Formula  980  radiological  protective  coating  prior  to  partici¬ 
pation  in  Shot  5.  This  was  a  deviation  from  the  test  program  as  original¬ 
ly  planned  and  was  adopted  as  a  prospective  means  of  achieving  greater 
operational  decontamination  effectiveness. 

Prior  to  the  actual  removal  of  the  protective  coating.  Zones  1,  2, 

3,  and  4  were  washed  down  with  a  2  l/2-in.  firehose.  This  step  was 
recommended  by  the  Health  Physics  Group  to  remove  loose  contaminant  which 
was  being  picked  up  to  an  undesirable  extent  on  the  clothing  of  sample 
recovery  and  survey  personnel.  After  the  firehosing,  the  protective 
coating  was  removed  as  follows: 

(a)  Applied  caustic  soda  to  vertical  surfaces  with  pressure  spray 
equipment  and  to  horizontal  surfaces  (decks)  with  swabs. 

(b)  Removed  as  much  of  the  protective  coating  as  possible  with 

1  l/2- in.  firehose  after  caustic  soda  solution  had  remained  on  surface 
from  10  to  15  min. 

When  the  foregoing  procedure  failed  to  detach  the  protective  coating 
from  significantly  large  areas,  particularly  on  vertical  surfaces,  and 
a  gamma  survey  showed  that  the  radiation  level  was  not  sufficienuxy  re¬ 
duced,  the  application  of  caustic  soda  solution  was  repeated,  this  time 
in  a  stronger  concentration.  Following  this  the  surfaces  were  again 
washed  down  with  the  1  l/2-in.  firehose. 

The  top  of  the  wheel  house  of  the  YAG  40,  like  tha^  of  the  YAG  39> 
was  painted  with  plastic  enamel  (red)  for  aerial  identification.  This 
enamel  was  removed  with  strong  caustic  soda  solutior. 

The  boat  deck  was  resurfaced  with  the  Tennant  machine  equipped  with 
a  revo-tool  which  permitted  operation  at  a  rate  of  400  sq  ft/hr.  Approxi¬ 
mately  l/8  in.  of  the  wooden  deck  was  removed. 
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Aurand  air-driven  hand  tools  were  used  to  remove  the  deck  surface 
at  the  boat  davits  and  other  obstructions  around  which  the  larger  Tennant 
machine  could  not  operate. 

4.4.6  Radiological  Surveys.  Comprehensive  data  for  the  evaluation 
of  the  tested  decontamination  methods  and  procedures  were  obtained  by- 
detailed  genua  and  beta  u.  asurements  at  established  monitoring  stations. 
These  surveys  are  described  in  detail  in  Chapter  9»  A  limited  number  of 
wipe  samples  were  also  taken  to  determine  the  extent  and  the  removability 
of  loose  contaminant. 

4.5  RESULTS  AND  DISCUSSION 

The  necessity  of  conforming  to  ship  movement  schedules  resulted  in 
some  curtailment  of  the  data  obtained  from  the  decontamination  studies. 
Complete  tabulation  of  the  test  data  i3  not  included  in  this  report 
because  of  its  bulk.  Information  obtained  by  analysis  and  evaluation 
of  the  data  is  presented  in  a  series  of  graphs.  Decontamination  pro¬ 
cedures  were  evaluated  on  the  basis  of  amount  of  contaminant  removed 
from  similar  surfaces,  manpower  effort  required,  equipment  and  materials 
involved.  Contaminant  removal  by  the  nondestructive  experimental  and 
operational  methods  was  determined  by  beta  surface  measurements.  The 
effectiveness  of  operational  decontamination  of  the  YAG  40  after  Shot  5 
by  removal  of  Formula  980  protective  coating  and  Navy  Gray  paint  with  a 
chemical  stripper  was  established  by  the  reduction  in  the  gamma  radiation 
field.  In  determining  the  decontamination  effectiveness,  all  beta  and 
gamma  measurements  were  corrected  for  decay  (Reference  6) . 

Uniform  distribution  of  contaminant,  a  desirable  factor  In  the 
evaluation  and  comparison  of  decontamination  methods  and  procedures,  was 
not  obtained.  As  the  result  of  the  ships' s  course  (YAG  40)  and  the 
relative  wind  direction  during  the  contaminating  event  after  Shot  2, 
contamination  of  the  main  deck  on  the  port  side  exceeded  that  of  the 
starboard  side  by  factors  of  2  to  3  in  the  decontamination  zones.  However, 
after  decontamination,  comparative  plots  (not  included  herein)  of  the 
test  data  on  the  basis  of  initial  level  versus  percent  of  contaminant 
remaining  for  each  procedure  did  not  indicate  that  the  percent  residual 
levels  were  necessarily  dependent  upon  or  were  influenced  by  the  initial 
levels. 

4.5.1  Experimental  Decontamination,  YAG  40,  Shot  2 .  The  average 
effectiveness  and  the  required  manpower  effort  for  each  of  the  nondestruc¬ 
tive,  experimental  decontamination  procedures  are  shown  and  compared  in 
the  bar  graph,  Fig.  4.2.  In  terms  of  percent  of  contaminant  removed,  the 
Individual  effectivenesses  lie  within  the  relatively  narrow  range  of  50 
to  72  percent,  or  a  decontamination  factor  of  2  to  4.  The  possible  range, 
as  defined  by  95*percent-conf idence  intervals,  is  3&  to  76  percent.  On 
painted  and  steel.  Procedure  S  was  the  most  effective,  removing  72  percent 
of  the  contaminant,  but  also  required  the  greatest  effort,  2.5  men-hr  per 
1000  sq  ft  of  surface.  Procedure  D  vhich  required  the  minimum  effort, 

1.3  man-hr  p_r  1000  sq  ft  was  also  the  least  effective,  removing  only 
50  percent  of  the  contaminant.  Procedure  A  removed  t4  percent  but  needed 
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Figure  4.2  Evaluation  of  experimental  decontaalnation 
procedures,  YAG  40,  Shot  2. 
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2.0  man- hr  per  1000  sq  ft.  Procedure  c  removed  60  percent  vith  2.17  man- hr 
of  effort  per  1000  sq  ft.  The  95“ percent- confidence  Interval  of  C  over¬ 
laps  those  of  S,  A,  and  D.  It  is  probable  that  S  will  consistently  be 
more  effective  than  C  and  the  latter  will  be  better  than  A  and  D. 

Decontamination  effectiveness  is  plotted  in  Figure  4.3  against  the 
probable  gamma  dose  received  by  decontamination  personnel  while  cleaning 
a  unit  surface  of  1000  sq  ft.  Dosage  values  are  based  on  an  initial  level 
of  3  r/hr  at  start  of  a  given  procedure,  and  the  effects  of  decay  have 
been  neglected.  For  every  1  r/hr  increment  of  initial  dose  rate,  Proce¬ 
dures  A,  C,  and  S  will  involve  doses  ranging  from  1.46  to  1.60  r;  fire- 
hosing  and  Procedures  D  and  B  will  involve  doses  ranging  from  0.78  to 
0.95  r  when  decontaminating  painted  surfaces.  It  would  appear  that  to 
remove  amounts  of  contaminant  significantly  greater  than  50  percent, 
the  dosage  to  decontamination  teams  would  Jump  50  percent.  Stained  wood 
surfaces  create  an  even  more  serious  situation,  since  the  most  effective 
procedure,  S,  results  in  a  dosage  of  1.8  r  for  each  r/hr  of  initial  level, 
and  only  removes  55  percent  of  the  contaminant. 

Procedures  S,  A,  and  D  included  the  use  of  a  hot- liquid  Jet  generated 
by  special  equipment.  In  this  case  a  1250-gal/hr  Sellers  unit.  This  item 
was  omitted  from  Procedure  C,  which  required  only  a  2  l/2-in.  firehose 
and  ordinary  deck  brushes,  standard  ships'  allowance  Items.  Procedure 
B  has  not  been  previously  discussed  for  the  reason  that  it  was  evaluated 
only  on  the  wood  boat  deck.  Although  this  deck  was  veil  coated  with 
Navy  Gray  paint  and,  presumably,  should  have  had  the  surface  character¬ 
istics  of  similarly  painted  steel,  this  fact  cannot  be  definitely  estab¬ 
lished.  However,  considering  the  similarity  of  the  methods  comprising 
A  and  B,  and  the  indicated  effectivenesses  of  54  and  56  percent,  respect¬ 
ively,  it  is  doubtful  if  B  would  have  produced  significantly  better 
results  on  painted  steel.  Like  D  it  required  only  1.3  man- hr  per  1000 
sq  ft,  but  again  special  equipment  was  Involved. 

The  removal  of  55  percent  of  the  contaminant  from  the  wood  flight 
deck  by  means  of  Procedure  S  probably  represents  a  greater  effectiveness 
than  would  have  been  obtained  by  any  of  the  other  procedures  on  this 
surface.  This  deck  had  been  given  one  coat  of  flight  deck  stain  (No. 21), 
much  of  which  was  absorbed  by  the  wood,  and  the  weather  surface  was 
relatively  rough  and  difficult  to  decontaminate.  It  is  probable  that, 
had  the  other  procedures  been  tested  on  this  surface,  they  would  have 
been  less  effective  than  S  in  about  the  same  ratio  evidenced  on  the 
painted  steel  deck. 

The  effectiveness  of  firehosing  as  a  decontamination  procedure  was 
investigated  on  the  wood  flight  deck  and  the  painted  steel  main  deck. 

It  removed  an  average  of  10  percent  of  the  contaminant  from  the  wood  and 
43  percent  from  the  steel  (Fig.  4.2).  Although  comparatively  ineffective 
on  wood,  it  was  not  without  value  on  painted  steel,  particularly  since 
the  required  effort  was  only  1.0  man- hr  per  1000  sq  ft  and  the  upper 
limit  of  the  confidence  interval  was  51  percent,  or  a  decontamination 
factor  of  2.  This  greater  effectiveness  could  probably  be  achieved  by 
closer  control  of  the  firehosing  technique.  Firehosing,  therefore,  would 
be  a  simple  and  useful  method  where  a  decontamination  factor  of  2  was 
sufficient  or  where  limitations  of  time,  manpower,  or  equipment  rendered 
more-complex  procedures  impracticable. 

A  comparative  summation  of  the  five  procedures  tested  shows  that. 
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from  the  standpoint  of  effectiveness,  manpower  effort  and  the  equipment 
required,  Procedure  C,  consisting  of  firehosing,  hand  scrubbing  (with 
detergent)  and  firehosing  is  the  optimum  and  can  be  recommended  as  an 
interim  decontamination  procedure  for  Navy  ships. 

Since  only  a  limited  study  of  protective  coatings  had  been  made  at 
the  laboratory,  their  evaluation  after  Shot  2  was  conducted  separately. 

The  results  are  discussed  in  Appendix  C. 

4.5.2  Operational  Decontamination,  YAG  40,  Shot  2.  On  completion 
of  the  experimental  studies,  further  decontamination  of  the  ship  was 
undoi  -/ten  in  an  effort  to  reduce  the  radiation  field  to  a  level  con¬ 
sidered  permissible  by  the  t  -.ak  force  for  exposure  of  personnel  during 
subsequent  operations,  Tnis  "operational"  decontamination  was  not 
primarily  an  experimental  study  and  the  use  of  a  turret  nozzle  (1  l/2-in 
firehose  play  pipe)  in  conjunction  with  a  6000-gal/hr  Sellers  injector 
was  adopted  as  a  nondestructive  procedure  which  would  possibly  provide 
a  high  degree  of  decontamination  effectiveness  with  a  minimum  expenditure 
of  time  and  effort.  The  last  two  objectives  were  not  realized,  since  a 
second  pass  was  made  to  flush  off  the  detergent  with  clear  hot  water. 

The  use  of  a  1  l/2-in.  firehose  for  final  flushing  in  this  type  of  oper¬ 
ation  should  he  investigated. 

On  painted  steel  a  further  contaminant  removal,  varying  from  10  to 
22  percent,  was  accomplished  with  an  addi&ional  effort  of  2.5  man-hr  per 
1000  sq  ft,  as  shown  in  Figure  4.4.  In  general,  the  effectiveness  of 
the  operational  decontamination  was  correspondingly  greater  in  those 
areas  where  the  previously  tried  experimental  procedures  had  removed 
relatively  lesser  amounts  or  contaminant,  e.g.,  after  S,  which  removed 
72  percent,  a  further  reduction  of  only  10  percent  was  obtained,  whereas 
after  D,  the  least  effective  experimental  procedure,  an  additional  22 
percent  of  the  contaminan*  was  removed.  This  relationship  was  logically 
to  be  expected. 

Operational  decontamination  was  least  effective  on  the  wood  flight 
and  boat  decks,  accomplishing  an  additional  removal  of  9  percent  from 
the  former  and  4  percent  from  the  latter.  This  does  not  necessarily 
indicate  that  the  previous  decontamination  had  been  exceptionally  effect¬ 
ive.  It  is  quite  probable  that  the  poor  reoults  were  occasioned  by  in¬ 
ability  to  dislodge  detectable  contaminant  from  cracks,  payed  seams,  and 
other  surface  irregularities. 

If  It  can  be  assumed  that  a  major  part  of  the  loosely  held  contami¬ 
nant  had  been  eliminated  by  the  experimental  procedures  and  that  only  the 
tenacious  material  remained,  then  the  turret  nozzle  and  6000-gal/hr  injec¬ 
tor  constitute  a  decontamination  procedure  of  high  potential  effectiveness 
and  efficiency.  Further  teste  of  this  equipment  should  be  conducted  to 
improve  the  equipment  and  technique  and  to  reduce  the  manpower  effort 
required . 

The  failure  to  remove  mere  than  60  percent  of  the  contaminant  from 
the  boat  deck  was  reflected  by  the  level  of  gamma  radiation  in  certain 
of  the  living  quarts  s  within  the  ship's  superstructure .  Since  it  was 
apparent  that  the  nondestructive  procedures  were  inadequate,  the  boat 
deck  was  resurfaced.  In  this  operation,  the  surface  paint  and  from  l/l6 
to  1/6  in.  of  wood  were  removed  by  a  Tennant  machine  equipped  with  a  wire 
brush . 
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Figure  4.4  Evaluation  of  decontamination  procedures, 
YAG  40,  Shot  2. 


Resurfacing  removed  an  additional  30  percent  of  the  contaminant,  as 

shown  in  Figure  4.5.  The  corresponding  gamma  field  was  thereby  reduced 
to  an  acceptable  level. 

Definite  limitations  to  this  type  of  procedure  were  evidenced. 

With  the  wire  brush  installed  in  the  machine,  20  man-hr  of  effort  were 
required  for  each  1000  sq  ft  of  surface  covered.  This  did  not  include 
additional  personnel  needed  to  collect  and  dispose  of  the  contaminated 
waste.  The  machine  was  heavy  and  cumbersome  and  would  have  been  difficult 
to  control  had  the  ship  been  in  motion.  Surfaces  adjacent  to  bulkheads, 
boat  cradles,  and  davits  could  not  be  reached.  Repainting  of  the  deck 
as  a  protective  measure  was  necessary.  The  Tennant  machine,  therefore, 
is  not  applicable  to  tactical  decontamination. 

4.5.3  Operational  Decontamination,  YAG  39,  Shot  5.  The  radiological 
situation  aboard  the  YAG  39  after  Shot  5  was  similar  to  that  of  the  TAG  40 
after  Shot  2  upon  completion  of  the  experimental  decontamination  in  that 
much  of  the  loosely  held  contaminant  had  been  removed  by  the  washdown 
system  and  only  the  more- tenacious  material  remained.  This  explains  the 
fact  that  only  18  to  5 0  percent  of  the  contaminant  was  removed  by  the 
first  pass,  as  indicated  in  Figure  4.6.  Actually,  the  gamma  radiation 
level  was  relatively  lew;  but  since  it  vus  planned  to  use  this  ship  as 
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figure  4.5  Evaluation  of  Tennant  machine  resurfacing  of 
wood  boat  deck,  YAG  40. 

an  operating  base  for  the  decontamination  of  the  YAG  40,  a  further 
reduction  vae  attempted. 

To  conserve  time,  all  available  methods,  i.e.,  firehosing,  hand 
scrubbing,  the  1250-gal/hr  hot  liquid  jet  and  the  6000-gal/hr  turret 
nozzle  were  then  utilized  as  a  matter  of  expediency  and  without  particular 
regard  to  their  individual  merit.  The  extent  of  the  additional  decontami¬ 
nation  is  also  shown  in  Figure  4.6.  With  the  exception  of  Zone  2,  which 
was  not  given  a  second  pass,  from  59  to  68  percent  of  the  residual  contami 
nant  was  successfully  removed. 

The  wood  flight  deck  had  been  sprayed  with  the  Formula  980  protective 
coating,  and  the  stripping  of  this  paint  with  a  caustic  soda  solution 
and  the  6000-gal/hr  turret  nozzle  removed  79  percent  of  the  contaminant. 

The  gamma  radiation  level  within  the  superstructure  living  quarters 
was  such  that  resurfacing  of  the  boat  deck  was  not  necessary. 

4.5.4  Appraisal  of  Nondestructive  Decontamination  Methods  and 
Procedures.  The  effectiveness  of  the  nondestructive  decontamination 
methods  and  procedures,  as  determined  by  this  field  operation,  agree 
closely  with  the  results  of  previous  laboratory,  engineering- scale ,  and 
field  tests.  It  is  indicated  that  the  maximum  potential  has  been  reached 
and  that,  for  these  procedures,  the  decontamination  effectiveness  lies 
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Figure  4.6  Evaluation  of  decontamination  procedures  after 
washdown,  YAG  39 >  Shot  5« 
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between  factors  of  2  and  4  for  an  initial  pass  and  is  less  than  a  factor 
of  8  for  a  second  pass.  There  is  no  indication  that  these  factors  will 
be  exceeded  as  the  result  of  improvements  in  technique  or  equipment. 
Further  studies  should  be  conducted,  however,  in  an  effort  to  obtain 
equal  results  with  a  reduced  manpower  effort. 

4.^.5  Operational  Decontamination,  YAG  40,  Shot  Prior  to  Shot 
5,  the  topside  weather  surfaces  of  the  YAG  4o  were  covered  with  the 
Formula  980  protective  coating.  The  development  of  a  technique  for 
the  removal  of  this  coating  with  a  caustic  soda  solution  and  a  firehose 
vashoff  (1  l/2- in.  firehose)  is  described  in  Appendix  C.  Since  the 
purpose  of  the  decontamination  was  to  reduce  the  gamma  radiation  field, 
decontamination  effectiveness  was  determined  by  the  reduction  in  gamma 
dose  rate. 

Before  chemical  stripping  of  the  protective  coating  was  undertaken, 
Zones  1,  2,  3  and  1  vere  washed  down  with  a  2  l/2-in.  firehose  to  remove 
the  loose  contaminant  that  was  being  picked  up  by  the  clothing  of  survey 
and  other  personnel.  As  is  shown  in  Figure  4.7,  this  firehosing  reduced 
the  average  gamma  level  in  these  zones  by  only  13  percent,  but  the 
excessive  contamination  of  clothing  ceased  to  be  a  problem.  The  Formula 
980  protective  coating  was  removed  bv  spraying  a  caustic  soda  solution 
on  the  vertical  surfaces  and  mopping  it  on  the  decks  with  swabs.  The 
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application  of  the  caustic  caused  considerable  physical  discomfort  to 
personnel. 

A  10-to-15-min  reaction  time  was  desired,  but  much  of  the  solution 
ran  off  the  vertical  surfaces  immediately  and  tended  to  drain  from  the 
decks  with  the  cheer  of  the  ship.  Because  of  this,  the  protective  coating 
was  not  properly  loosened,  and  the  subsequent  firehose  washing  failed 
to  remove  it  as  thoroughly  as  had  been  anticipated.  The  remaining  coating 
retained  much  of  tho  contaminant  associated  with  it  and,  consequently,  the 
gamma  dose  rate  was  only  moderately  reduced,  as  can  be  seen  in  Figure  4.7. 

A  comparison  of  these  decontamination  results  with  those  obtained 
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Figure  4.7  Evaluation  of  decontamination  procedures, 
YA 40,  Shot  5. 


by  nondestructive  experimental  methods  (Figure  4.2)  indicates  that  the 
latter  were  more  effective,  since  the  average  removal  by  caustic  stripping 
was  48.8  percent  (whereas  an  overall  average  of  ^>8.2  percent  was  removed 
by  the  nondestructive  procedures).  This  difference,  however,  cannot  be 
entirely  accepted  at  its  face  value;  because  the  beta  measurements  used 
to  evaluate  the  experimental  procedures  were  not  influenced  by  extraneous 
radiation,  whereas  the  indicated  reductions  in  the  gamma  dose  rates  by 
removal  of  the  protective  coating  were  adversely  affected  by  gamma  radia 
tion  from  adjacent  surfaces.  Assuming  tisat  the  respective  effectivenesses 
were  equal,  the  relative  value  of  the  protective  coating  consisted  of  the 
fact  that  its  removal  required  an  effort  of  1.0  nan-hr  per  1000  sq  ft,  as 
compared  to  an  average  of  2.0  ann-hr/lOOO  sq  ft  for  the  nondestructive 
procedures.  This  was  an  advantage  only  in  regard  to  this  test,  since 
under  other  circumstance 0,  damage  to  the  ship  s  palrt.  coat  vould  have 
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necessitated  repainting  had  the  vessel  remained  indefinitely  at  sea. 

The  boat  deck  and  Zones  3,  5,  and  6,  where  exposure  of  ship's 
personnel  would  have  been  most  difficult  to  avoid,  were  stripped  a  second 
time.  As  shown  by  Figure  4.7,  this  resulted  in  a  cumulative  reduction 
of  72  percent  in  each  zone  and  £0  percent  on  the  boat  deck.  Comparing 
these  second  passes  with  the  operational  decontamination  after  Shot  2, 
it  is  seen  that  in  the  latter  case  the  total  reduction  on  the  boat  deck 
was  60  percent,  79  percent  in  Zone  5>  and  76  percent  in  Zone  6  but  with 
the  nondestructive  procedure  requiring  more  than  twice  the  manpower  effort. 

After  the  second  pass,  the  gamma  dose  rates  on  the  boat  deck  (and 
within  the  living  quarters),  Zone  5,  and  Zone  6  were  still  above  an 
acceptable  level.  A  third  pass  was  made  in  Zones  5  and  6  and  the  boat 
deck  was  resurfaced  with  the  Tennant  machine.  This  brought  the  total 
reduction  to  75  percent  in  Zone  5>  8l  percent  in  Zone  6  (Figure  4.7), 
and  59  percent  on  the  boat  deck  (Figure  4.8). 

It  is  unfortunate  that  sufficient  beta  measurements  were  not  taken 
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Figure  4.8  Evaluation  of  Tennant  machine  resurfacing  of 
wood  boat  deck,  YAG  40,  Shot  5. 


on  the  boat  deck,  since  the  Indicated  additional  reduction  of  9  percent 
in  the  gars m  level  is  deceptive.  7hi9  result  was  adversely  influenced 
by  hot  spots,  contaminated  deck  gear  and  equipment,  and  the  unavoidable 
presence  of  contaminated  moisture.  This  ie  demo- stra ted  by  the  fact 
that,  in  the  same  operation  after  Shot  2,  the  beta  measurements  (Figure 
4.b)  shoved  a  further  reduction  of  30  percent  on  the  boat  deck.,  vhile 
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the  corresponding  gamma  readings  showed  the  additional  reduction  to  be 
only  16  percent.  The  actual  effectiveness  of  the  Tennant  machine  was 
much  the  same  in  both  cases. 

For  this  resurfacing  operation,  the  Tennant  machine  was  equipped 
with  a  "revo-tool",  which  increased  the  operating  rate  to  400  sq  ft /hr 
(200  sq  ft/hr  with  a  wire  brush)  and  decreased  the  previous  effort  of 
20.0  man- hr  per  1000  sq  ft  to  10.0  man- hr  per  1000  sq.  ft,  waste-disposal 
personnel  not  included.  Aurand  air-driven,  hand  cutting  tools  were  used 
at  the  bulkhead  parting  lines,  around  the  boat  davits  and  cradles,  and 
in  other  areas  which  could  not  be  reached  with  the  Tennant  machine. 

The  second  and  third  applications  of  the  caustic  soda  solution 
caused  the  removal  of  the  Navy  Gray  paint  and,  in  some  instances,  the 
red  lead  from  large  areas  of  the  weather  surfaces;  but  despite  this 
drastic  treatment,  considerable  amounts  of  the  Formula  980  protective 
coating  were  unaffected.  Thus,  this  material  was  unsatisfactory  and 
failed  to  accomplish  its  intended  purpose.  However,  a  protective  coating 
which  could  be  removed  without  the  use  of  surface  destructive  chemicals 
would  provide  an  effective  decontamination  procedure.  The  development 
of  such  a  costing  should  be  undertaken. 

4.5.6  Effect  of  Washdown,  TAG  39 >  Shot  5*  The  surveyed  gamma  dose 
rate  aboard  the  TAG  39  at ”76  hr  after  Shot  5  was  leas  than  that  of  the 
TAG  40  by  a  factor  of  11,  a  difference  of  91  percent,  indicating  that 
the  washdown  system  was  successful  in  removing  a  major  portion  of  the 
arriving  contaminant  (see  Chapter  2).  Hie  later  decontamination  described 
in  Section  4.5.3  was  applied  to  a  tenacious  residual  contaminant.  This 
resulted  in  a  seeming  decrease  in  the  decontamination  effectiveness 
obtained  with  the  same  procedures  on  the  TAG  40  after  Shot  2. 

The  washdown,  therefore,  did  not  increase  the  effectiveness  of 
subsequent  decontamination.  It  did,  effectively  reduce  the  dose  rate 
and  permitted  the  initiation  of  additional  recovery  measures  at  a  much 
earlier  time  after  the  contaminating  event.  Further,  although  the  effort 
required  for  the  procedures  was  unchanged,  it  was  not  necessary  to 
relieve  the  teams  at  short  intervals  to  avoid  excessive  radiation 
exposure. 

The  net  effect  of  the  washdown  was:  (1)  an  indicated  contaminant 
removal  of  93  to  97  percent  was  achieved  (see  Chapter  2);  (2)  a  lower 
residual  dose  rate  was  encountered;  (3)  the  total  number  of  men  required 
to  decontaminate  a  given  area  was  reduced;  (4)  less  personnel  dosage  was 
expended;  and  (5)  the  actual  time  required  for  decontamination  was  60 
percent  of  that  expended  on  the  TAG  40  after  Shot  2  and  70  percent  of 
the  time  for  the  TAG  40  after  Shot  5* 

It  can  t«  concluded  that  the  washdown  system  provides  an  effective 
method  of  decontamination  and,  under  equal  conditions,  is  superior  to 
the  other  procedures  tested. 

4.5.7  Decontamination  versus  Decay.  The  effectiveness  of  each  of 
the  decontamination  procedures,  as  previously  discussed,  represents  only 
the  extent  to  which  the  contaminant  actually  present  on  the  surface  was 
removed.  The  added  effect  of  decay  is  not  reflected,  since  all  data  were 
corrected  to  eliminate  this  factor.  Consideration  must  be  given  to  the 
influence  of  natural  decay  on  the  tactical  decontamination  of  a  ship  in 

a  military  situation. 
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Superficially  there  are  tvo  extreme  possibilities:  (1)  that  a  an 
early  time,  i.e.,  immediately  after  the  contaminating  event,  the  rate 
of  decay  is  so  much  greater  than  the  contaminant  removal  rate  that  any 
decontamination  effort  expended  is  unjustified  from  the  standpoint  of 
doaage  and  (2)  the  extension  of  a  limited  decontamination  effort  over  a 
protracted  period,  at  later  times  when  the  decay  rate  is  less  rapid  or 
even  negligible,  fails  to  adequately  reduce  the  existing  radiation  level 
and  again  results  in  an  unnecessary  additional  dose  to  exposed  personnel. 

The  data  available  from  the  ship  decontamination  studies  do  not 
permit  a  determination  of  the  optimum  time  at  vhich  decontamination 
operations  should  be  undertaken.  Such  knowledge  is  potentially  important, 
and  a  special  study  should  be  made  to  thoroughly  explore  the  problem. 

It  can  be  stated  conclusively  that  the  tactical  decontamination 
of  any  ship  should  be  an  all  hands  operation  in  which  every  accessible, 
contaminated  surface  is  attacked  simultaneously  and  thoroughly  decontami¬ 
nated  in  the  least  possible  time. 

^.5.8  Radiation  from  Deck  Gear  and  Fittings.  The  average  g&mna 
dose  rates  aboard  both  ships  after  termination  of  the  decontamination 
efforts  were  influenced  adversely  by  radiation  from  contaminated  rope, 
steel  cables,  boat  cradles,  and  similar  gear  which  could  not  be  decontami¬ 
nated  or  immediately  replaced  and  from  relatively  inaccessible  objects 
such  as  the  kingposts  and  funnel.  Attempts  to  decontaminate  the  funnftl 
and  top  of  the  house  were  especially  unproductive,  because  of  the  coating 
of  plastic  enamel  which  had  been  applied  to  assist  in  ship  identification 
from  the  air.  Drain  pipes  and  scuppers  became  heavily  contaminated  and 
renmined  unaffected  by  practically  unlimited  flushing. 

k-5.9  Airborne  Contamination  from  Pe surfacing  (Tennant  Machine) 
Operations.  Continuous  air  sampling  showed  that  the  aerosol  concentra¬ 
tion  in  the  immediate  vicinity  of  the  machine  did  not  at  any  time  exceed 
the  task  force  field  tolerance  of  1  x  10"°  pc/cu  cm  of  air.  The  maximum 
observed  concentration  was  k.2  x  10~a  pc/cu  cm.  It  was  found  that, 
without  regard  to  aerosol  hazard,  the  use  of  respirators  was  desirable 
from  the  standpoint  of  physical  comfort  and  protection  from  fly'ng  chips. 

^.^.lO  Wipe  Sample a.  Theoretically,  it  should  be  possible  to 
determine,  by  means  of  wipe  samples  taken  before  and  after  decontamina¬ 
tion,  the  extent  to  which  loose  contaminant  is  removed  from  a  surface. 
Practically,  however,  the  accuracy  of  such  a  determination  is  question¬ 
able,  due  largely  to  an  inability  to  maintain  uniformity  in  the  sampling. 
For  example,  any  variation  in  contact  pressure  or  in  the  area  of  the 
wipe,  between  the  initial  and  final  sampling,  can  result  in  a  false 
indication  of  the  amount  of  contaminant,  removed  and,  similarly,  the 
amount  of  loose  contaminant  remaining. 

The  average  beta  levels,  in  mlcrocurles,  as  measured  by  the  ITFDL 
FBI- 12  and  as  determined  by  wipes  taken  at  corresponding  station  locations 
aboard  TAG  40  after  Shot  2,  are  compared  in  Table  k.l;  there  is  no  corre¬ 
lation  which  would  indicate  that  wipes  offer  an  accurate  basis  for  the 
quantitative  de term! ration  of  decontamination  effectiveness.  Even  if 
perfect  reproducibility  could  be  achieved  with  wipe  sampling  techniques 
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TABLE  4.1  COMPARISON  OF  BETA  CONTAMINANT  REMOVAL  ON  THE  YAG  40  AFTER  SHOT  2  AS  DETERMINED 
BY  NILE  SAMPLE  COUNTS  AND  RBI -12  BETA  SURVEY  KF.TER  MEASUREMENTS 
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no  assurance  that  any  correlation  between  beta  readings  and  wipe  samples 
is  assured .  Not  only  do  the  beta  instruments  and  wipe  samples  measure 
two  different  radiological  condition,  ---  local  beta  contaminant  and 

looee  beta  contaminant,  respectively  -  but  there  is  no  reason  to  believe 

the  degree  to  which  decontamination  may  affect  one  condition  equals  that 
on  the  other.  Wipe  samples  are  valuable,  however,  from  the  standpoint 
of  radiological  safety  and  personnel  protection  in  that  the  detection 
and  measurement  (even  qualitatively)  of  loose,  easily  removable  contami¬ 
nant  determines  the  need  for  protective  clothing  and  the  enforcement  of 
area  contamination  control  measures. 

4.b.ll  Utilization  of  Manpower.  An  average  daily  total  of  2 b 
enlisted  personnel  were  made  available  by  the  task:  force  for  ship-decon¬ 
tamination  work.  An  increased  number  could  have  been  employed,  if 
sufficient  decontamination  equipment  and  radiological  safety  facilities 
had  been  available. 

A  decontamination  team  consisting  of  a  minimum  of  six  men  was 
required  for  the  efficient  performance  of  the  individual  methods  that 
constituted  any  of  the  tactical  decontaminauion  procedures.  Control  of 
the  £  l/2- in.  firehose  with  ^  NAP  fog  nozzle,  at  100  paig  in  the  line, 
called  for  a  maximum  effort  from  the  six-man  team.  In  the  combined 
operation  of  hand  scrubbing  and  not- liquid-jet  cleaning,  wherein  the 
detergent  solution  was  educted  through  the  Jet,  four  scrubbers,  each 
covering  ?b  sq  ft/sic,  were  able  to  keep  pace  with  the  100  sq  ft/min 
rate  of  the  ,iet.  The  sixth  man,  in  this  case,  operated  the  injector 
unit  and  prepared  the  detergent  solution 

For  purposes  of  organizational  control,  the  six-man  teams  were 
maintained  for  scrubbing  operations  in  which  the  detergent  solution  was 
dipped  from  IG-gal  cans  with  the  deck  brushes.  Rad  sufficient  manpower 

123 


CONFIDENTIAL 


been  available,  the  potential  number  of  scrubbers  would  have  been  limited 
only  by  the  decree  of  physical  interference;  but  a  six-nnn  team  would 
have  been  required  for  each  of  the  2  l/2-in.  firehoses  used  for  the  sub¬ 
sequent  washoff. 

h  six-man  team  was  also  employed  in  the  operation  of  the  6000-gal/ 
hr  turret.  The  construction  of  the  t  irret  nozzle  was  such  that  three 
men  were  required  to  maneuver  it  and  stabilize  it  in  operation.  The 
bulk  and  weight  of  the  2- in.  high  pressure  steam  hose  made  it  necessary 
to  have  two  men  standing  by  to  assist  when  the  hose  had  to  be  moved. 

The  sixth  man  was  stationed  at  the  injector  unit. 

Paint- stripping  procedures  requiring  the  application  of  caustic 
soda  solution  necessitated  some  changes  in  team  organization  and  arrange¬ 
ment.  On  the  decks  and  other  horizontal  surfaces  where  the  caustic  was 
applied  with  swabs  and  the  dissolved  or  loosened  paint  subsequently  washed 
off  with  either  the  1  l/2-in.  firehose  or  the  6000-gal/hr  turret;  the 
six-man  teams  were  maintained  as  for  experimental  decontamination.  For 
bulkheads  and  deck  configurations  necessitating  pressure  spraying  of  the 
caustic,  two-man  spray  teams  and  tvo-ma.i  hose  teams  (1  l/2-in.  firehose) 
were  organized.  Because  of  the  necessary  time  interval  between  the 
spraying  of  the  caustic  and  the  firehosing,  these  teams  functioned 
Independently. 

The  concept  of  the  two-man  sprt-y  team  placed  one  man  at  the  spray 
nozzle  and  the  other  at  the  pumping  unit.  The  two^man  hose  team  was 
adequate  and  handled  the  1  l/2-in.  firehose  vithout  difficulty. 

In  the  paint-removal  operation  on  the  TAG  40,  the  1  l/2-in.  firehose 
replaced  the  6000-gal/hr  turret  for  deck  washing.  This  made  it  possible 
to  remove  four  men  from  the  higher  radiation  field  after  tne  deck  had 
been  swabbed  with  caustic  and  subsequently  to  rotate  them  as  relief  teams 
at  the  firehose. 

4.5. 12  Stay  Time.  The  radiological  situation  aboard  the  test  ships 
at  the  time  of  decontamination  was  not  sufficiently  critical  to  cause 
drastic  curtailment  of  stay  time  aboard,  and  the  work  periods  were  largely 
determined  by  considerations  of  worker  fatigue  and  physical  comfort. 

The  average  work  period  was  30  min  in  a  range  from  a  15-min  minimum, 
when  personnel  were  wearing  special  protective’  clothing  and  continuous 
physical  exertion  was  required,  to  a  maximum  of  45  min,  when  cooler 
clothing  could  be  worn  and  the  physical  effort  was  less  strenuous. 

Although  the  work  was  difficult  and  the  personnel  were  visibly 
tired  at  the  end  of  a  30-min  effort,  there  seems  to  be  little  doubt  that 
their  rat  igue  was  mere  the  product  of  heat  and  humidity  than  of  physical 
exertion. 


4.5.13  Special  Protective  Clothing.  Special  protective  clothing, 
consisting  of  hooded,  one-piece  suits  fabricated  of  vinyl  plastic,  rubber- 
coated,  and  rubber  impregnated  materials,  were  evaluated  under  actual 
working  conditions  for  the  Bn-eai:  of  Supplies  and  Accounts  and  the 
detailed  results  have  been  re  ported  separately. 

In  general,  this  special  clothing  provided  excellent  protect' cn 
from  contaminated  spray  and  r plash  as  long  as  the  suits  remained  intact. 
The  auits  were  particularly  valuable  in  operations  involving  the  -se  of 
caustic  solutions. 
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Without  exception,  however,  they  failed  to  withstand  ordinary  wear 
and  tear  and,  because  of  inadequate  ventilation,  were  extremely  uncomfort¬ 
able  and  oppressive  to  the  wearer.  Certain  design  features,  such  as 
built-in  feet  and  mittens,  were  found  to  be  disadvantageous. 

Except  for  a  few  specific  operations,  a  general  need  for  special 
protective  clothing  for  radiological  recovery  work  is  not  presently 
indicated.  If  adequate  personnel-decontamination  facilities  are  avail¬ 
able,  stock- issue  coveralls,  gloves,  rubber  boots,  and  a  suitable  head 
covering  are  sufficient,  at  least  in  temperate  climates. 

4.5.14  Growth  of  Radioactivity.  In  Chapter  5  it  is  reported  that, 
subcequent  to  various  phases  of  aircraft  decontamination,  the  fixed 
gamma  detector  mounted  in  the  cockpit  recorded  a  slight  increase  in 

TABLE  4.2  DATA  FOR  ESTIMATING  DECONTAMINATION  OPERATIONS 
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gamma  intensity  over  the  level  observed  immediately  after  completion  of 
the  decontamination  operation.  In  the  discussion  of  this  phenomenon, 
it  is  suggested  that  it  may  have  resulted  from  preferential  parent-daughter 
fractionation  of  one  or  more  isotopes. 

The  fixed  gamma  detectors  mounted  above  deck  on  the  TAG  39  and 
TAG  40  indicated  that  similar  increases  in  gamma  intensity  may  have 
occurred  after  shipboard  decontamination.  They  cannot,  however,  be 
detected  from  the  monitoring  surveys  made  with  the  AU/PDK-TIB  survey 
meters. 

4.5.15  Estimating  Decontamination  Operations.  The  bab'1'  inforaution 
derived  from  the  ship-decontamination  studies  is  summarized  in  Table  4,2 
SB  a  reference  in  planning  decontamination  operations. 
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k.6  CONCLUSIONS 


The  test  data  and  information  apply  to  a  specific  contaminant, 
delivered  as  a  vet  mist  and  having  chemical  and  physical  properties 
which  have  been  described  in  another  report  (Reference  7) .  Dry  or 
slurry  contaminants  might  have  produced  varying  results. 

The  washdown  system  is  the  most-effective  decontamination  counter¬ 
measure  presently  available  and  will  remove  93  to  97  percent  or  more  of 
an  arriving  contaminant.  This  removal  gives  a  decontamination  factor 
in  the  range  of  14  to  20  (Chapter  2).  The  decontamination  effectivenesses 
of  the  tested  procedures  lie  between  factors  of  2  and  4  for  an  initial 
pas 8  and  did  not  exceed  a  factor  of  8  for  a  second  pass.  No  significant 
increases  in  effectiveness  can  be  expected  through  further  development, 
but  improvement  of  techniques  and  equipment  can  provide  more  thorough 
surface  coverage  and  reduce  the  manpower  effort. 

The  procedure  which  provides  effective  decontamination  with  minimum 
equipment  and  reasonable  effort  (2.17  man-hr/lOOO  sq  ft)  consists  of 
firehoaing,  band  scrubbing  with  a  salt-water- compatible  detergent,  and 
flrehosing. 

Firehoaing  alone  has  a  possible  decontamination  factor  of  2.0  on 
painted  steel  and  requires  a  minimum  effort  of  1.0  aan-hr  per  1000  sq 
ft. 

Protective  coatings  have  a  lential  value  both  as  a  barrier  to 
radioactive  contamination  and  as  a  means  of  facilitating  decontamination, 
but  further  development  end  a  major  improvement  are  necessary. 

Wood  decking,  e7en  when  thoroughly  payed  and  well  painted ,  is  more 
difficult  to  decontaminate  than  painted  steel.  Surface  removal  may  be 
required  if  a  Je contamination  factor  greater  than  2.5  is  required. 

Deck  armament,  deck  machinery  and  gear,  masts,  cargo  booms,  and 
similar  equipment,  unless  decontaminated  or  removed,  will  continue  to 
maintain  a  radiation  field  above  deck  and  in  adjoining  interior  spaces. 

The  rate  of  natural  decay  may  prove  to  be  an  important  factor  In 
the  determination  of  tbs  time  at  which  it  is  profitable  to  begin  decon¬ 
tamination  operations  following  a  contaminating  event;  since  it  is  possible 
that,  at  early  " irnea,  a  contaminant  may  decay  acre  rapidly  than  it  can  be 
physically  removed. 

Tactical  decontamination  of  a  ship  should  be  a  mass  operation  in 
which  all  accessible  contaminated  surfaces  ehould  be  attacked  simultane¬ 
ously  and  thoroughly  decontaminated  in  the  least  possible  time.  Any 
lesser  effort,  in  which  a  limited  operation  is  extended  over  a  protracted 
period,  will  fail  to  adequately  reduce  the  overall  radiation  level  and 
will  result  in  an  unnecessary  additional  dose  to  exposed  personnel. 


h.l  RECOMMENDATICWS 

Equip  all  combat  and  support  vessels  with  some  adequate  fora  of 
washdown  system. 

Adopt  an  interim  procedure  consisting  of  firehoaing,  scrubbing  with 
detergent,  and  flrehosing  for  tactical  decontamination. 

Determine  a  reliable  rate  of  decay  of  nuclear  fission  products  at 
early  times  so  that  recovery  operations  can  be  scheduled  to  obtain  maximum 
effectiveness. 
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Prepare  decontamination  bills  for  ships  with  and  without  washdown, 
utilizing  all  available  manpower  to  decontaminate  the  total  weather 
eurface  in  the  leasx  time  possible. 

Eliminate  wood  decking  wherever  possible.  If  wood  decks  must  be 
retained,  they  should  be  thoroughly  payed,  sealed,  painted,  and  main¬ 
tained  in  first-class  condition  at  all  times.  Carrier  flight  decks 
should  be  sealed  with  a  more-effective  material  than  flight-deck  stain 
No.  21.  Redesign  or  modify  weather  decks  to  facilitate  the  runoff  of 
contaminated  liquid  waste.  Remove  or  relocate  deck  obstructions  which 
tend  to  impede  drainage. 

Reduce  deck  machinery,  equipment  and  gear  to  a  minimum.  Provide 
disposable  covers  for  all  such  remaining  items. 

Provide  adequate  stocks  of  decontamination  equipment,  materials, 
and  approved  protective  clothing  as  ship’s  allowance  Items. 

Establish  and  conduct  training  programs  to  familiarize  personnel 
with  the  decontamination  procedure  as  it  applies  to  their  particular 
ship. 

Further  investigate  the  use  of  the  6000-gal/hr  hot-water  turret 
as  a  decontamination  method. 

Continue  the  development  and  testing  of  protective  coatings  . 

Investigate  the  use  of  chemical  paint  strippers  as  a  practicable 
procedure  for  the  tactical  decontamination  of  shlpB. 

Improve  the  equipment  and  technique  for  decontamination  by  non¬ 
destructive  procedures  to  obtain  more -thorough  surface  coverage  and 
reduce  the  manpower  effort  involved. 
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Chapter  5 

AIRCRAFT  WASHDOWN  AND  DECONTAMINATION 


J.  E.  Hovell  W.  S.  Kehrer 

A  fighter- type  aircraft  was  installed  on  the  No.  5  haUh  of  each 
of  two  test  ships.  A  special  configuration  of  washdown  nozzles  was 
installed  around  the  aircraft  on  the  TAG  39  to  provide  an  effective 
distribution  of  water  on  the  exterior  aircraft  surfaces.  No  counter¬ 
measures  were  employed  on  the  aircraft  installed  on  the  TAG  40.  Record¬ 
ing  ganma  detectors  were  installed  in  the  cockpit  and  on  the  deck  forward 
of  each  aircraft. 

After  each  test,  the  aircraft  and  the  gamma  instruments  were 
removed  from  the  ship  and  transported  ashore  to  the  decontamination  site. 
Material  damage  studies  were  made  by  inspection  of  tL;  aircraft  and  by 
cockpit  and  radio  checks.  A  detailed  beta  survey  was  made  to  determine 
the  contamination  distribution.  Decontamination  methods  and  equipment 
were  evaluated  by  using  data  from  fixed  gamma  recording  instruments  and 
portable  survey  meters. 

The  results  from  these  tests  indicated  that  the  washdown  was  effect¬ 
ive  as  a  countermeasure  when  employed  under  conditions  similar  to  these 
at  Operation  castle.  Effectiveness  of  the  washdown  after  Shots  4  and  p 
was  94  and  95  percent,  based  on  reduction  in  dose  rate. 

The  immediate  effect  on  the  aircraft  of  the  salt-water  washing 
and  decontamination  operations  thereafter  was  not  serious.  In  all  cases, 
the  engines  started  and  the  radio  checked  out,  but  in  some  cases  the 
magneto  dropoffs  were  excessive.  No  other  effects  which  would  prevent 
these  aircraft  from  being  flown  were  noted. 

The  effectiveness  of  the  initial  decontamination  of  the  aircraft 
was  influenced  by  the  type  of  contaminant  and  by  the  number  of  rainstorms 
that  occurred  between  the  contaminating  event  and  the  decontamination. 

It  is  estimated  that  up  to  35-percent  removal  of  contamination  may  be 
effected  by  rainstorms  during  any  period  for  several  days  following 
contamination. 

On  aircraft  not  exposed  to  rainstorms  cr  washdown  prior  to  decontami¬ 
nation,  the  maximum  decontamination  efficiency  considering  the  decontami¬ 
nation  effectiveness,  time  and  manpower,  is  obtained  by  using  one  fi’-e- 
hose  or  hot- liquid- jet  wash,  either  salt  or  fresh  water,  followed  by  one 
thorough  scrubbing  with  detergent  or  Gunk  solution,  with  a  final  fresh¬ 
water  rinse. 

On  aircraft  subjected  to  severe  rainstorms  or  washdown  prior  to 
decontamination,  the  maximum  decontamination  efficiency  Is  obtained  by 
one  thorough  scrubbing  with  detergent  or  Gunk  solution  with  a  final 
fresh  water  rinse. 

The  final  rinse  may  be  salt  or  fresh  water,  as  far  as  decontamination 
is  concerned,  tut  fresh  water  has  been  specified  to  eliminate  tne  corrosive 
effects  of  the  salt  water. 
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The  contamination  distribution  on  the  aircraft  was  not  uniform  and 
depended  to  a  great  extent  on  the  course  and  speed  of  the  ship,  the 
direction  and  velocity  of  the  wind,  and  the  type  of  contaminant. 


5-1  OBJECTIVES 

The  general  objectives  of  the  aircraft  phase  of  Froject  6.4  were 
to:  proof  test  the  washdown  countermeasures  on  aircraft;  evaluate 
decontamination  procedures  for  parked  aircraft  subjected  to  radioactive 
fall-out;  and  ascertain  the  radiological  situation  on  them.  These 
objectives  required  the  following  specific  determinations:  (1)  washdown 
effectiveness  on  aircraft;  (2)  extent  of  material  damage  caused  by  salt 
water  washing;  (3)  effectiveness  of  various  decontamination  procedures; 
and  (4)  contamination  distribution. 


5-2  BACKGROUND 

Studies,  based  on  data  from  laboratory  investigations  and  tests  at 
Operation  Crossroads,  had  been  conducted  at  NRDL  to  determine  the  extent 
to  which  countermeasures  are  required  and  the  optimum  decontamination 
procedures  needed  for  contaminated  aircraft.  Although  conclusions  from 
these  studies  were  tentative,  they  provided  sufficient  information  to 
plan  a  full-scale  teat  for  aircraft  in  a  situation  likely  to  be  encoun¬ 
tered  in  nuclear  warfare. 

In  1952,  simulant  tests  conducted  aboard  the  USS  SHANGRI  LA 
(Reference  2)  included  investigations  to  determine  the  effectiveness  of 
a  washdown  system  in  reducing  the  level  of  contamination  on  an  aircraft 
subjected  to  a  radioactive  fallout.  These  tests  were  made  with  the 
washdown  nozzles  installed  on  the  flight  deck  around  two  aircraft.  The 
results  indicated  that  the  washdown  could  provide  a  significant  reduction 
in  contamination  but  that  the  distribution  of  water  over  the  surfaces 
aft  of  the  leading  edges  was  not  adequate.  The  results  most  nearly 
approaching  the  potential  effectiveness  of  the  washdown  were  obtained 
when  water  distribution  was  enhanced  by  maneuvering  the  ship.  Thus  ,  it 
became  evident  that  the  effectiveness  of  the  washdown  ccutermeasure  on 
aircraft  exposed  to  radioactive  fallout  would  be  satisfactory  If  efforts 
were  made  to  provide  the  best-possible  water  distribution  on  a  carrier 
deck  holding  aircraft  stacked  in  the  normal  way. 

Prior  to  Operation  Castle,  an  aircraft  scheduled  for  salvage  was 
obtained  from  NAS  Alameda  and  used  to  study  the  distribution  of  water 
on  aircraft  surfaces.  Nozzles  like  that  in  Figure  5«1  were  placed  around 
the  aircraft  in  temporary  mountings  in  a  configuration  which  gave  the 
water  coverage  shown  in  Figure  5.2.  This  test  indicated  how  additional 
nozzles  were  to  be  added  to  the  ship's  system  to  pjrovide  adequate  wash¬ 
ing  of  the  aircraft. 

laboratory  and  engineering  scale  studies  had  been  conducted  at  NPPL 
to  determine  the  effectiveness  of  various  decontamination  methods  and 
the  effect  of  different  aircraft  surfaces  on  retention  of  contaminant 
and  on  the  decontamination  performance.  Flat  surfaces  having  relatively 
small  areas  were  used  in  these  testB.  Decontamination  of  operating 
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Figure  5.1  Washdown  nozzle  in  operation. 


Figure  5.2  Preliminary  washdown  system  for  aircraft. 
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aircraft  had  been  accomplished  after  aircraft  had  flown  trough  a  con¬ 
taminated  cloud,  (Reference  8)  but  no  studies  had  been  trade  on  parked 
Naval  aircraft  subjected  to  a  radioactive  fallout. 

From  the  foregoing  material,  it  is  clear  that  further  information 
about  the  contaminant  distribution  on  aircraft,  the  effectiveness  of 
aircraft  decontamination  procedures,  decontamination  equipment,  and 
supply,  time,  and  manpower  requirements  were  all  needed  to  complete  the 
aircraft  decontamination  studies. 

Since  there  ver  ~^3  combinations  of  methods  of  decontamination 
to  be  tested  than  available  aircraft,  test  plates  were  substituted  for 
additional  aircraft.  Three  sets  of  plates  were  used  on  each  test — one 
to  be  decontaminated  by  the  same  methods  as  used  on  the  aircraft,  the 
remaining  two  to  be  decontaminated  by  the  methods  used  on  the  test  air¬ 
craft  after  the  other  two  shots.  By  this  means,  the  test  plate  results 
could  be  used  to  estimate  the  aircraft  decontamination  effectiveness 
under  various  test  conditions. 

To  obtain  information  on  the  effects  of  the  salt  water  used  in  the 
washdown  and  decontamination  procedures,  the  aircraft  engines  were  turned 
up  before  the  tests  and  as  soon  as  possible  after  the  washdown  and  decon¬ 
tamination  of  the  aircraft  were  completed.  Also,  a  visual  inspection  of 
the  exposed  ferrous  parts  of  the  aircraft  was  made  about  the  same  time 
to  detect  salt-water  damage. 

The  teat  procedures  and  accumulation  of  data  were  designed  not  only 
to  meet  these  needs  but  also  to  obtain  information  for  use  in  the  tactical 
situation  (Reference  9)-  Tactical  decontamination  (or  decontamination 
during  the  tactical  situation)  is  defined  as  those  procedures  which  are 
required  to  permit  tactical  operations  from  the  time  of  an  atomic  attack 
to  the  completion  of  the  operational  mission  of  the  aircraft,  its  carrier, 
or  the  task  group. 


5-3  INSTRUMENTATION 

The  instrumentation  for  the  aircraft  decontamination  phase  of 
Project  6.4  was  primarily  concerned  with  instruments  for  fixed  gamma 
recording  and  means  for  making  standardized  beta  and  gamma  surveys. 
Equipment  also  had  to  be  provided  for  the  decontamination  operation. 

5.3.I  Fixed  Gamma  Recording.  A  fixed  gamma  recording  instrument 
was  installed  in  th*'  cockpit  of  each  aircraft  and  designated  as  Station 
69.  Its  purpose  was  determine  the  radiation  intensity  and  dosage  to 
the  pilot  at  any  time  or  for  any  time  period. 

A  similar  instrument  was  installed  on  the  No.  5  hatch  of  each  3iiip 
just  forward  of  the  starboard  wing  and  was  designated  as  Station  70. 

This  station  via  chosen  as  the  ground  or  deck  reference  in  determinations 
of  intensity  and  dosage  in  the  immediate  vicinity  of  the  aircraft.  It 
was  also  a  reference  station  on  the  ship  for  comparison  with  other  deck 
stations.  Locations  of  the  fixed  gamma  recording  instruments  are  shown 
in  Figures  5*3  and  5.4;  details  of  their  operation  are  given  in  Chapter 
8. 

These  instruments  provided  a  continuous  record  of  the  gamma  radia¬ 
tion  intensity  and  dosage  aboard  ship  for  approximately  70  hr  after 
burst.  When  the  aircraft  were  removed  from  the  ships  to  the  decontamina- 
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Figure  5.3  Location  of  fixed  gaaraa  recording  stations. 
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tion  pad  ashore  after  each  test,  the  instruments  were  removed  at  the 
same  time  and  set  up  around,  the  aircraft  similar  to  their  former  locations 
aboard  ship.  A  continuous  record  of  gamma  radiation  intensity  was  made 
during  the  decontamination  operations. 

5.3 .2  Surveys.  A  definite  pattern  of  survey  points  was  used,  and 
a  standardized  method  was  followed  in  taking  beta  and  gamma  surveys  on 
the  aircraft.  Each  aircraft  was  marked  with  56  identical  stations,  which 
gave  a  fairly  even  distribution  of  locations  according  to  area  and  types 
of  surfaces  (vertical,  horizontal,  etc.).  Figure  D.37,  Appendix  D,  shows 
the  location  of  all  the  regular  survey  stations  on  the  aircraft.  A 
typical  view  of  some  of  the  survey  points  is  shown  in  Figure  5.5.  A 
uniform  technique  was  used  by  all  the  monitors  in  taking  both  the  beta 
and  gamma  survey  readings.  The  instruments  were  held  about  l/2  in.  from 
the  surface  with  the  bottom  and  left  side  of  the  instrument  over  the 
lines  marking  the  survey  point.  Readings  were  taken  with  the  beta  and 
gamma  survey  instruments  at  all  of  these  locations  before  and  after  each 
decontamination  procedure,  Figure  5-6*  The  average  of  these  individual 
readings  ( approximately  50)  for  all  surveys  except  those  on  the  aircraft 
aboard  the  TAG  40  after  Shot  2  was  used  in  calculating  the  beta  and 
gamma  decontamination  effectiveness  for  the  various  shots.  After  Shot 
2,  there  were  20  extra  stations  on  the  aircraft  aboard  the  TAG  h0;  their 
locations  are  shown  in  Figure  D.38,  Appendix  D. 

Beta  readings  were  taken  with  the  NRDL  BBI-12  survey  instrument. 
Because  these  readings  are  probably  an  accurate  representation  of  the 
beta  activity  on  the  aircraft  surface,  they  were  used  for  the  contamina¬ 
tion  distribution  studies. 

Gamma  readings  were  taken  with  Alf/FDR  Tl-B  survey  instruments. 

These  readings,  especially  those  taken  on  the  outside  vertical  wing 
sections  and  the  sides  of  the  fuselage,  undoubtedly  included  not  only 
the  radiation  from  the  area  directly  under  the  instrument  but  also 
background  radiation  from  the  contaminant  on  the  opposite  side  of  the 
wing,  the  fuselage,  and  the  other  virg. 

Wipe  samples  were  taken  on  the  aircraft  surfaces  before  any  decon¬ 
tamination  was  begun  and  again  after  certain  decontamination  processes 
/ere  completed.  Approximately  3  sq  in*  of  surfr.ce  area  was  wiped  each 
time  with  standard  chemical  filter  paper. 

The  survey  personnel  were  furnished  by  the  survey  group  but  operated 
under  the  supervision  of  the  aircraft  investigators.  Details  of  tne 
organization  and  training  of  survey  personnel,  instrument  calibration 
and  evaluation,  and  the  procedure  for  obtaining  and  counting  wipe  samples 
aits  given  in  Chapter  9- 

5.3-3  Decontamination  Equipment.  All  the  equipment  used  in  the 
decontamination  operations  was  commercially  manufactured  and  was  readily 
available  with  the  exception  of  the  heavy-duty  cleaner^-  (Figure  5*7). 

This  heavy-duty  cleaner  was  one  of  six  especially  manufactured  for  the 
Army  Chemical  Corps.  Although  thie  particular  cleaner  is  not  a  commer¬ 
cial  item,  its  main  components,  th.  steam  generator  and  hot-liquid- Jet 
unit  are  available.  The  cleaner  was  equipped  to  provide  a  concentrated 


1  Mfg.  by  Vapor  Hea  orporation,  Chicago,  Illinois. 
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Figure  5.6  Survey  teams  taking  beta  and  gamma  survey 
readings.  The  white  dome  in  the  right  foreground 
contains  the  fixed  gamma  detector  Station  70. 

solvent,  a  ateam  vapor,  or  a  cold  rinse,  but  these  features  vere  not 
U3ed  during  the  decontamination  operations. 

The  hot- liquid- jet  utilizes  steam  passing  through  a  venturi  to 
pick  up  both  water  end  a  detergent  solution  and  combines  them  into  the 
hot-liquid-jet  (see  Figure  5«8).  Since  the  fresh-water  supply  is  limited 
aboard  ship,  salt  water  was  used  part  of  the  time  as  the  vater  supply 
for  the  decontamination  operations.  The  detergent  solution  was  a  20 
percent  solution  by  weight  of  C-120  detergent  in  salt  vater.  The  hot- 
liquid  Jet  entrained  percer.*:  of  this  solution,  thus  giving  a  1-percent 
detergent  solution  at  the  nozzle.  The  steam-supply  pressure  to  the 
hot-liquid- jet  unit  was  approximately  100  psig  and  the  inlet  vater  pres¬ 
sure  requirement  is  over  7  psig,  These  conditions  produced  a  1000-gal/hr 
hot  liquid  Jot  at  a  temperature  of  170°F  and  a  pressure  of  180  psig. 

The  flow  charts  and  equipment  hookup  for  the  hot-liquid  Jet  with  fresh 
and  with  salt  vater  are  shown  in  Figures  DJ.6  and  D.17,  Appendix  D. 

Fireho3ing  va3  done  with  a  three-way  (open,  fog,  and  closed)  1  1/2- 
in.  nozzle  and  at  a  pressure  of  about  80  psig.  The  flow  -hart  and  equip¬ 
ment  hookup  for  washing  with  the  firehose  is  shown  in  Figure  D.lU, 
Appendix  D. 
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Figure  5*7  Rear  view  of  heavy  duty  cleaner  shoving  control 
panel  and.  hook-up  for  use  as  a  steam  generator. 

5.4  OPERATIONS 

Two  test  ships,  the  TAG  39  equipped  with  a  washdown  system  and  the 
TAG  40  without  one,  participated  in  Shots  1,  2,  4,  and  5  with  aircraft 
and  teat  plates  aboard.  During  the  test  operations,  these  ships  were 
maneuvered  through  the  fallout  area  together,  but  because  of  circum¬ 
stances  they  did  not  maintain  the  desired  positions  at  all  times.  Shots 
2  and  4  were  postponed  14  days  and  10  days,  respectively.  This  delay 
exposed  the  aircraft  and  teet  pla^.s  aboard  the  ships  to  weather  during 
this  period.  Shot  5  was  fired  on  schedule.  No  data  were  obtained  from 
Shot  1,  because  the  ships  did  not  receive  any  significant  fallout.  The 
best  data  for  washdown  evaluation  were  obtained  from  Shots  4  and  5:  the 
beat  data  for  the  effectiveness  of  decontamination  procedures  were 
obtained  from  Shots  2  and  5. 

The  aircraft  were  Navy  f4U's  and  were  loaded  on  the  No.  5  hatch 
of  each  ship  with  their  wings  in  the  vertical  positions  approximately 
two  dave  before  th“  ships  departed  for  Bikini.  A  TO  type  Naval  barge 
wa 3  used  to  transport  the  aircraft  to  the  ship  and  a  construct  ion- type 
crane  in  an  LCU  was  used  to  lift  them  onto  the  ships.  The  fixed  gamma 
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Figure  5»°  Operator  adjusting  control  valves  on  the  hot- 
liquid-  jet  unit.  The  unit  is  secured  on  top  of  the  barrel 
which  holds  the  detergent  solution. 

instruments  were  installed  and  tested  at  this  time. 

A  panel  rack  holding  nine  test  plates  was  placed  on  each  of  the 
two  ships  for  each  test.  It  was  located  in  all  tests  alongside  the  rear 
of  tne  No.  5  hatch  on  the  starboard  side  facing  forward.  The  rack  was 
constructed  so  that  the  plates  were  inclined  at  about  30°  from  the 
horizontal.  The  l/8-in.  aluminum  test  plates  were  each  16  in.  by  l6  in. 
and  wore  painted  on  one  side  with  one  coat  of  wash  primer,  two  coats  of 
zinc  chromate  and  two  coats  of  sea  blue  lacquer.  The  plates  were 
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painted  in  November  1953  at  MINS,  and  vere  protected  from  weathering 
until  they  were  placed  on  the  panel  racks  the  day  before  the  event  was 
first  scheduled. 

On  completion  of  test  runs,  the  aircraft,  instruments,  and  test 
plates  were  unloaded  as  soon  as  the  radiological  situation  permitted 
and  transported  to  the  Air  Force  decontamination  pad  on  Site  Fred.  At 
this  time,  the  aircraft  aboard  the  YAG  39  was  given  a  thorough  inspection 
for  material  damage  and  that  aboard  the  YAG  40  a  cursory  one;  the  fixed 
gamma  recording  instruments  were  hooked  up  and  the  initial  beta  survey 
for  contamination  distribution  were  irtde  before  decontamination  was  begun. 
Thorough  inspection  for  material  damage  of  the  YAG  40  aircraft  was  post¬ 
poned  until  after  the  decontamination  vas  completed,  because  of  the  high 
initial  contamination. 

5.4.1  Washdown.  Only  the  aircraft  on  TAG  39  vas  subjected  to 
washdown  during  the  tests.  As  can  be  seen  in  Figures  5.9  through  5.H> 
complete  water  coverage  on  the  aircraft  surfaces  was  not  maintained  all 
the  time.  The  distribution  pattern  of  the  water  from  the  washdown 
system  was  largely  dependent  upon  the  direction  of  the  wind  relative  to 
the  ship  and  the  ship's  speed.  The  condition  vhere  minimum  effective¬ 
ness  from  the  washdown  system  might  be  expected  is  illustrated  by  Figure 
5-11.  Maximum  effectiveness  of  the  washdown  system  can  be  achieved  by 
maneuvering  the  ship  in  a  sinusoidal  course  into  the  wind  during  the 
fallout  period.  Such  a  course  was  not  steered  during  the  fallout  periods 
of  Operation  Castle. 

5.4.2  Material  Damage  Inspection.  The  aircraft  on  YAG  39  vere 
subjected  to  a  salt-water  washdown  aboard  ship,  and  the  aircraft  from 
both  ships  were  subjected  to  liquid  decontamination  methods  employing 
salt  water  at  the  decontamination  site.  To  approximate  the  gross  damage 
done  by  this  liquid  treatment,  a  thorough  material  damage  study  was  made 
on  the  YAG  39  aircraft  immediately  at  the  decontamination  site  and  on 
the  YAG  40  aircraft  after  decontamination  had  been  completed.  This 
study  consisted  of  a  cockpit  check,  radio  check,  and  a  visual  inspection 
of  the  aircraft  for  corrosion  and  visible  damage.  The  items  included 

in  these  checks  are  listed  in  Table  B.l,  Appendix  D. 

The  four  aircraft  used  in  this  project  had  been  given  Type  C 
preservation  at  Alameda  NAS  in  January  1954  before  they  were  shipped  to 
the  test  site.  Two  aircraft  were  de-preserved  prior  to  Shot  1,  used  in 
Shots  1  and  2,  and  re- preserved.  Two  other  aircraft  vere  de-preserved 
prior  to  Shot  4,  used  in  Shots  4  and  5;  and  then  re-preserved.  Table 

5.2  shows  when  the  aircraft  were  de-preserved,  re-preserved,  and  how 
many  days  they  vere  aboard  the  test  ships  without  maintenance;  it  also 
summarizes  the  cockpit  and  radio  checks. 

These  aircr;  ”t  were  near  the  end  of  their  service  life.  At  the 
test  site,  they  were  subjected  to  extreme  tropical  conditions  with 
limited  maintenance,  because  only  two  Navy  maintenance  personnel  vere 
available  to  work  on  them.  The  maintenance  personnel  were  able  to  keep 
the  engines  in  operating  condition  but  not  at  top  performance. 

5-4.3  Decontamination  Methods.  Three  methods  of  decontamination 
were  used:  [1)  salt-vater  washing  with  fire  hose;  (2)  fresh-  or  salt- 
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Figure  5.10  Washdown  system  in  operation  on  the  XAG  39* 
view  from  port  side. 

water  vaahing  with  a  hot- liquid  jet;  and  (3)  scrubbing  with  detergent  or 
Gunk  followed  by  rinsing  with  the  hot- liquid  Jet  using  fresh  water. 

Table  5-1  gives  the  methods  of  decontamination  used  and  the  component 
steps. 

Tactical  emergency  methods  of  decontamination  were  used  first  on 
the  aircraft  and  test  plates  and  were  followed  by  tactical  operational 
and  industrial  methods  of  decontamination. 

Decontamination  by  firehosing  was  done  by  two  crews  who  began 
at  the  nose  of  the  aircraft  and  proceeded  around  each  side,  washing  the 
surface  from  the  top  down  and  maintaining  such  an  incident  angle  between 
the  water  stream  and  the  surface  that  a  minimum  amount  of  splash  was 
reflected  towards  the  operator.  A  fork  lift  was  used  to  raise  one  of 
the  nozzle  men  and  hose,  as  shown  in  Figure  5-1 2,  to  wash  the  top  of  the 
fuselage  and  engine.  The  wing  tips  were  left  in  the  vertical  position 
during  this  decontamination.  Each  crew  directed  its  stream  of  water 
over  the  fuselage  and  washed  the  inboard  edge  of  the  wing  tip  on  the 
aide  of  the  plane  opposite  from  the  crew.  During  the  first  decontamina¬ 
tion  effort  on  the  aircraft,  from  the  TAG  ^0  after  Shot  2  only  one  1 
in.  firehose  and  nozzle  was  used  for  the  entire  operation.  The  second 
decontamination  of  the  same  aircraft  was  accomplished  with  two  crews 
using  two  1  l/2-ln.  firehoses  and  nozzles.  The  three-way  nozzles  were 
used  in  their  open  position. 

The  procedure  in  decontaminating  with  the  hot-liquid  Jet  was 
essentially  the  same  as  with  the  firehose.  However,  only  one  hct- liquid 
Jet  unit  and  lance  was  used.  The  aircraft  vab  roughly  divided  into  six 
sections  of  approximately  equal  areas,  so  that  ^ach  could  be  washed  with 
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Figure  5.12  Rinsing  with  the  hot  liquid  jet  showing  how  a 
fork  lift  was  used  to  allow  the  nozzle -man  to  wash  to  top 
of  the  fuselage  and  engine. 

the  detergent  solution  and  then  rinsed  with  clear  water  before  the  area 
dried.  When  all  the  sections  had  been  treated  with  detergent  and  rinse, 
the  entire  aircraft  was  then  given  a  complete  rinse  with  clear  water. 

The  same  procedure  was  followed  with  both  the  fresh  -and  salt-water  supply. 

The  procedure  used  in  decontamination  by  scrubbing  follows:  When 
C-120  detergent  wae  used  as  the  cleaning  agent,  the  area  of  the  aircraft 
was  again  roughly  divided  into  six  sections.  The  hot- liquid  jet  was 
used  to  apply  a  detergent  solution  to  the  first  section  and  then  turned 
off.  Next,  three  to  six  scrubbers  with  long-handled  brushes  and  buckets 
of  detergent  solution  scrubbed  the  section  in  such  a  manner  that  approxi¬ 
mately  10  strokes  of  the  brush  were  applied  to  all  the  surface.  The 
clear  hot- liquid  jet  (without  detergent)  was  then  used  to  rinse  this 
section.  The  same  procedure  was  used  in  turn  on  all  the  other  sections. 

When  all  the  sections  had  been  scrubbed,  a  final  overall  fresh  water 

rinse  was  given  the  entire  aircraft.  This  procedure  was  called  the 

"single  scrub."  The  "double  scrub"  method  consisted  of  repeating  the  I 

scrubbing  and  rinsing  operation  on  each  section  before  moving  to  the 

next  without  monitoring  between  scrubbings. 

When  C-1U7  (Gunk)  was  used  as  the  cleaning  agent,  a  solution  of 
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TABLE  3.1  DECONTAMINATION  METHODS  AND  THEIR  COMPONENT 


Methods  1 

_ ! 

Tactical  Emergency 

Tactical 

Operational 

Industrial 

Specific 

Methods 

Firehoalng 

Hot  liquid 

Jet  with 
fresh  water 

Hot  liquid 

Jet  with 
salt  water 

Scrubbing  with 
detergents! a) 

Scrubbing  with 
Gunk(b) 

i 

V 

j 

0 

a 

8 

J 

Firehose  - 
salt  water , 
followed  by 
fresh  water 
rinse  at  end 
of  day  or 
decontamina¬ 
tion 

Hot  liquid 
Jet  -  fresh 
water  with 
detergent, 
followed  by 
hot  liquid 
Jet  -  freBh 
water  rinse 

Hot  liquid  Jet- 
salt  water 
with  detergent 
followed  by 
hot  liquid 

Jet  -  salt 
water  rinse 
followed  by 
freBh  water 
rinse  at  end 
of  day  or 
decontamina¬ 
tion 

Scrub  with 
detergent 
followed  by 
hot  liquid 

Jet- fresh 
water  rinse 

Scrub  with 
Gunk,  followed 
by  hot  liquid 
Jet  -  fresh 
water  with 
detergent 
rinse  followed 
by  hot  liquid 
rinse 

(a)  Detergent  la  C-120 

(b)  Gunk  Is  C-147,  now  designated  as  MIL-C-7122,  Type  1 


TABLE  3.2  SUM4ARY  OP  MATERIAL  DAMAGE  INSPECTIONS 


Shot  and 
YAG  the 

Date 

De-preserva- 

Date 

Loaded 

Date 

Unloaded 

Date 

Re-preser- 

Aircraft 
Has  On 

Aircraft 

No. 

tion 

Started 

Aboard 

YAG 

from 

YAG 

Cockpit 

Check 

Radio 

Check 

vation 

Starts 

1-39 

81724 

7 

Satis. 

Satis. 

1-1*0 

81624 

las 

7 

Satis. 

Satis. 

- 

2-39 

81724 

10  Mar. 

29  Mar. 

19 

Right 

Mag. 

drop 

excessive 

Satis. 

13  Apr. 

2-1*0 

81624 

10  Mar. 

31  Mar. 

21 

Satis. 

Satis. 

13  Apr. 

4-39 

81777 

3  Mar. 

10  Apr. 

27  Apr. 

17 

Satis. 

Satis. 

_ 

4-i*o 

82022 

22  Mar. 

10  Apr. 

30  Apr. 

20 

Right 

Mag. 

cute 

out 

Satis. 

5-39 

81777 

2  May 

7  Kay 

5 

Left  Mag. 
rough  but 
drop-off 
not  exces¬ 
sive 

Satis. 

12  May 

5-1*0 

■ 

,  2  May 

7  May 

5 

Left  and 
right 

Hags. 

cut  out 

Satis. 

j 

1  . 

12  May 
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one  part  C-147  to  eight  parts  kerosene  was  sprayed  on  the  aircraft  from 
a  pressure  tank.  The  aircraft  were  scrubbed  with  brushes  dipped  in 
buckets,  of  Gunk  solution  in  the  manner  described  above  and  then  rinsed 
tvice.  The  first  rinse  was  hot-liquid  jet  with  C-120  detergent  to 
remove  the  C-147  solution.  The  second  rinse  was  a  clear  fresh-water 
hot-liquid  jet  (without  detergent)  used  to  rinse  off  the  C-120  deter¬ 
gent  solution. 

3.4.4  Contamination  Distribution.  Detailed  beta  surveys  were  made 
with  the  NRDL  RBI- 12  beta  survey  instrument  on  the  TAG  40  aircraft  after 
Shots  2  and  5*  Information  obtained  from  these  surveys  was  used  to 
determine  the  contamination  distribution  on  the  aircraft.  The  results 
of  this  study  cannot  be  considered  representative  of  the  condition  which 
might  be  encountered  on  the  deck  of  an  aircraft  carrier,  because  the 
location  of  the  aircraft  on  the  No.  5  hatch  of  the  YAG  40  was  sheltered 
fore  and  aft  by  the  ship's  structures,  which  resulted  in  different  wind 
currents. 


5.5  DISCUSSION  AND  RESULTS 

Aircraft  washdown  and  decontamination  results  are  treated  under 
five  headings:  washdown  effectiveness,  material  damage,  decontamination 
effectiveness  and  decay,  comparison  of  decontamination  methods,  and 
contaminant  distribution. 

3.3-4  Washdown  Effectiveness.  The  effectiveness  of  the  washdown 
system  shown  in  Figures  5-13  and  5.14  is  based  on  the  data  recorded  by 
fixed  gamma  instruments  located  in  the  cockpits  of  the  aircraft  on  both 
ships.  Only  results  from  Shots  4  and  5  are  included. 

Analysis  of  the  data  after  Shot  4  indicated  that  the  ships  were 
subjected  to  equivalent  contaminating  events.  A  similar  study  after 
Shot  5  indicated  that  there  was  a  significant  difference  in  the  con¬ 
tamination  received  by  each  ship.  These  analyses,  the  contamination 
ratios  which  were  developed  for  Shot  5;  and  the  general  aspects  of  the 
washdown  study  have  been  discussed  in  Chapter  2.  The  effectiveness 
values  for  the  washdown  system  were  determined  by  comparing  the  dose 
and  dose-rate  values  recorded  at  Station  69  in  the  cockpit  of  the 
aircraft  on  the  YAG  39  to  corresponding  values  recorded  at  the  same 
location  on  the  aircraft  from  the  YAG  40.  Thus,  the  effectiveness 
values  may  be  expressed  as: 

dose  or  dose  rate  values  on  YAG  39  x  10O 

Percent  of  effectiveness  *  100  -  Jo5e~or~?5in^e  values"  6iT7AS  TO 

The  effectiveness  values  for  Shot  5  shown  in  Figure  5.14  are  based  on 
the  corrected  values  (including  contamination  ratios)  rather  than  the 
actual  recorded  data.  Effectiveness  values  based  on  dose  and  dose-rate 
information  are  included  for  both  Shots  4  and  5.  The  latest  periods  of 
time  for  a  comparison  of  the  effectiveness  values  are  at  5  hr  after 
Shot.  4  and  about  12  hr  after  Shot  5,  because  the  basis  of  comparison  was 
upset  by  a  rainstorm  at  this  time  after  Shot  4  and  fallout  continued 
after  the  washdown  had  been  turned  off  at  12  hr  after  Shot  5.  The 
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Figure  5.13  Washdown  effectiveness  for  Shot  4. 

2 


TIME  AFTER  BURST  (MR) 

Figure  5.14  Washdown  effectiveness  for  Shot  5» 
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effectiveness  values  based  on  dose  rate  are  most  significant  to  the 
aircraft  studies,  since  it  is  assumed  that  the  plane  is  secured  and 
unmanned  during  the  fallout  period.  After  fallout  has  ceased,  the  dose- 
rate  effectiveness  value  may  be  used  to  predict  dosages  for  any  subsequent 
period  if  decay  rates  are  known.  It  also  permits  an  evaluation  of  the 
washdown  effectiveness  in  terms  of  reduction  of  dosage  that  will  be 
accumulated  by  the  pilot  in  flying  a  mission. 

Complete  information  about  the  gamma- radiation  intensities  at 
early  times  aboard  the  test  ships  is  given  for  Station  69  and  70 
in  Figures  D.l  through  D.13,  Appendix  D.  Pertinent  information  for 
Shots  2,  4,  and  5  are  included.  The  washdown  effectiveness  for  aircraft 
given  in  this  chapter  used  the  data  from  the  cockpit  station  only. 

The  radiation  intensities  at  Station  70,  which  was  set  up  to  record 
dosage  in  the  near  vicinity  of  the  aircraft,  are  of  the  same  order  of 
magnitude  as  those  reported  in  Chapter  2. 

This  test  was  not  exactly  characteristic  of  what  might  be  expected 
on  a  flight  deck,  because  this  was  an  ideal  washdown  system  and  there 
was  a  difference  in  ship's  structure  and  only  one  aircraft  was  used. 
Furthermore,  no  exact  method  could  be  used  to  determine  the  extent  to 
which  radiation  from  the  ship's  structure  contributes  to  the  intensity 
recorded  in  the  cockpit  of  the  aircraft  and  the  extent  to  which  the 
radiation  from  the  aircraft  contributed  to  the  intensity  recorded  at 
deck  Station  70.  However,  an  indication  of  these  two  contribu'  -'ons  was 
obtained  when  the  aircraft  was  removed  from  the  YAG  40  at  55  hr  after 
Shot  5.  Station  70  was  not  removed  when  the  aircraft  was  transferred 
to  the  decontamination  pad  and  was  allowed  to  run  for  a  period  after 
the  aircraft  was  removed,  as  can  be  seen  from  Figure  D.ll,  Appendix  C, 
the  radiation  intensity  at  Station  70  was  decreased  by  approximately 
20  percent  at  this  time.  The  gamma- intensity  level  at  Station  69  at 
50  hr,  as  shewn  in  Figure  D.10,  Appendix  D,  was  decayed  to  60  hr.  This 
level  va6  compared  to  the  level  that  was  observed  at  the  same  station 
after  the  aircraft  and  instruments  were  transported  to  the  decontamina¬ 
tion  pad,  and  it  was  noted  that  the  intensity  in  the  cockpit  was  25 
percent  lower  than  it  would  have  been  had  the  aircraft  remained  on  the 
ship.  These  data  are  quite  interest ing,  because  they  indicate  the 
aircraft  contributed  about  75  percent  of  the  radiation  to  the  cockpit 
station  and  only  about  20  percent  to  Station  70.  These  data  further 
demonstrate  the  need  for  a  countermeasure  to  be  employed  on  the  aircraft 
before  the  pilot  flies  his  mission,  because  the  stricture  itself  is  the 
prime  radiation  contributor  to  the  intensity  ievel  in  the  cockpit. 

It  has  been  shown  (Deference  10)  that  a  countermeasure  such  as  the 
washdown,  which  gives  at  least  95“ percent  rediction  based  cn  dose  rate, 
is  required  for  adequate  protection  of  the  aircraft  and  aircraft  carrier. 
As  can  be  seen  from  Figures  5-1-3  and  5-14,  this  reduction  in  dose  rate 
was  achieved  during  Shot  5  and  came  very  close  during  Shot  4  It  is 
reasonable  to  expect  that  an  even  greater  reduction  should  be  expected 
under  conditions  similar  to  those  at  Operation  Castle,  if  the  washdown 
system  is  refined  and  the  course  of  the  6hip  i3  controlled  to  distribute 
the  washdown  water  better. 

5*5.2  Material  Damage.  When  the  aircraft  were  unloaded  after  Shot 
1,  they  had  Teen  without ' maintenance  for  only  7  days  ,  and  both  checked 
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out  satisfactorily.  However,  after  they  were  subjected  to  a  19-day 
period  before  Shot  2  with  no  maintenance,  the  performance  of  both  air¬ 
craft  was  adversely  affected.  The  second  group  of  aircraft  were  subjected 
to  &  17-day  period  on  the  test  ships  before  Shot  4  and  a  5-4ay  period 
before  Shot  5  without  maintenance  and  shewed  a  eimilar  impairment  of 
performance  due  especially  to  magneto  dropoff.  The  only  damage  evident 
that  would  have  grounded  the  aircraft  after  they  had  been  subjected  to 
the  salt-water  washdown  and  decontamination  was  the  excessive  magneto 
dropoff. 

Table  5.2  summarizes  the  cockpit  and  radio  checks  and  shows  when 
the  aircraft  were  de-preserved  and  re- preserved  and  how  many  days  they 
were  aboard  the  test  ships  without  maintenance.  The  detailed  material 
damage  check  sheets  are  given  in  Tables  D.l  through  D.8,  Appendix  D. 

Minor  items  of  damage  noted  during  the  inspections  were  ex'jssive 
water  where  the  lead  goes  into  the  spark  plug  and  many  cases  of  corrosion 
of  unpainted  ferrous  metals.  These  were  not  considered  serious,  because 
they  would  be  corrected  during  normal  maintenance  procedures. 

Thece  aircraft  were  not  flown  at  the  test  site;  consequently,  the 
operation  of  the  landing  gear  could  not  be  checked. 

The  excessive  magneto  dropoff  night  be  kept  to  a  minimum  by  install¬ 
ing  a  quick- removable  cover  which  would  cover  the  forward  part  of  the 
engine  cowling  and  shield  the  front  bank  of  cylinders  from  the  salt 
water.  Also,  in  a  normal  operating  situation,  the  aircraft  would  be 
turned  up  as  soon  as  possible  after  the  salt-water  washdown,  which 
would  further  reduce  the  magneto  dropoff. 

5.5.3  Decontamination  Effectiveness  and  Decay.  The  total  time 
between  the  start  and  finish  of  the  decontamination  of  an  aircraft 
varied  from  25  to  100  hr.  Decontamination  operations  were  performed 
only  during  normal  working  hours,  and  since  part  of  the  reduction  in 
contamination  was  due  to  decontamination  and  part  to  decay,  it  was 
necessary  to  use  a  decay  rate  to  calculate  the  amount  of  decay  to  be 
subtracted  in  determining  the  decontamination  effectiveness.  The  decay 
factor  was  applied  to  the  results  of  the  beta  surveys  (used  for  contami¬ 
nation  distribution  studies)  and  gamma  surveys  (used  for  decontamination 
data).  No  decay  factor  was  needed  for  the  data  from  the  fixed  gamma 
recorder,  because  it  gave  a  continuous  recor'd. 

The  average  beta  and  gamma  decay  rate  for  the  shots  in  which  the 
aircraft  participated  was  calculated  as  being  approximately  t_1  • 

This  figure  wa3  used  for  all  beta  decay  calculations. 

In  analyzing  the  data  recorded  by  the  fixed  gamma  instruments 
during  the  decontamination  phase,  it  was  apparent,  that  the  decay  after 
each  individual  decontamination  treatment  did  not  resemble  the  usual 
decay  patterns.  An  increase  of  radiation  intensity  occurred  each  time. 

An  apparent  stabilization  then  occ’irred;  after  this,  the  decay  slope 
was  similar  to  the  decay  observed  before  decontamination  begun 
(see  Figure  5-15)-  This  same  phenomena  has  been  observed  in  laboratory 
work  in  vhich  a  fission  product  mixture  resulting  from  17^35  and  U^3“ 
irradiated  at  the  National  Keactor  Testing  Station  was  used.  The  time 
and  percent  increases  observed  in  the  field  were  similar  to  those  observed 
in  the  laboratory  work.  This  phenomena  wa3  atfributed  to  the  preferential 
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DOSE  RATE  (MR/HR) 


i 


1 

l 


Figure  5-15  Decay  at  Station  69  (cockpit  station)  of  the 
aircraft  from  the  YAG  *40  during  the  decontamination 
phase  after  Shot  2. 
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removal  of  short-life  daughters  by  the  decontamination  process  and  the 
consequent  disturbing  of  the  equilibrium  between  the  daughter  and  the 
parent.  Because  of  these  apparent  deviations  from  the  decay  rate  of 
t"3~4,  calculations  were  based  on  the  data  from  the  fixed  gamma  recorder 
and  gamma  surveys  to  derive  decay  rates  applicable  to  these  particular 
test  operations,  i.e.,  intermittent  aircraft  decontamination.  Theee 
decay  rates  were  f0.9  for  Shot  2,  t'^-3  for  Shot  4,  and  t-l*0  for 
Shot  5  and  have  been  applied  to  the  gaimna- survey  data. 

To  determine  the  percentage  contributions  of  decay  and  decontamina¬ 
tion  to  the  reduction  of  the  initial  (or  before-decontamination)  radia¬ 
tion  intensity,  the  fixed  ganma  data  were  analyzed  to  find  the  contribu¬ 
tion  of  both  decay  and  decontamination  at  each  Individual  step.  The 
total  contribution  of  each  reported  in  Tables  5*3  and  5*4  was  then 

TABLE  5.3  GAH4A  RECORD  FOR  DSCOKTAKljWlTOI  PHASE 
OF  THE  TAG  40  AIRCRAFT  AFTER  SHOT  2 


Per  cent  of  original  level  16.3$  76.2$  7-5$vc/ 

(a)  Hefer  to  Table  5-6  for  a  description  and  percent  reduction  effected 
by  each  decontamination  process. 

(b)  Decay  is  calculated  from  end  of  one  decoctaalnation  process  to  ena 
of  next  one. 

(c)  Percent  of  original  level  reaaining  after  decontamination  effort. 

determined.  These  results  show  that  an  overall  reduction  from  decay 
and  decontamination  of  92.5  percent  was  achieved  after  Shot  2  and  a 
reduction  of  92*8  percent  was  achieved  after  Shot  5*  Of  these  total 
reductions,  76.2  and  70.4  percent  were  effected  by  decontamination 
alone  after  Shots  2  and  5,  respectively. 


5.5*4  Comparison  of  Decontamination  Methods.  Following  the  con¬ 
taminating  events,  the  aircraft  and  test  plates  were  received  ashore 
in  three  conditions  of  contamination  which  affected  the  decontamination 
results.  These  were: 

Condition  A.  After  alight  vasi'inc  (one  rainstorm),  toot  plates 
and  aircraft  from  TAG  't0,  after  Shot  2. 

Condition  B.  After  washing  by  heavy  rainstorms,  test  plates  and 
aircraft  from  TAG  40,  after  Shoce  4  and  5* 
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TABLE  5.4  GAMA  RECORD  FOR  DECONTAMINATION  PEASE 
OF  THE  '.AO  40  AIRCRAFT  AFTER  SHOT  5 


Hu»eric»l  Order 

DecontaainatioL*) 

Contamination 

Level 

(mr/hr) 

Reduction 
by  Decay(b) 
(ar/hr) 

Reduction  by 
Decontamination 
(ntr/hr) 

Resulting 
Level 
(nr /hr) 

1st 

1183 

43 

357 

783 

2nd 

783 

33 

293 

457 

3rd 

457 

97 

59 

301 

4tb 

301 

53 

23 

225 

5th 

225 

34 

61 

130 

6th 

130 

3 

17 

no 

7th 

no 

2 

23 

85 

Total 

265 

833 

Per  Cent  of  Original  Level 

22.4* 

70.4* 

7.2*(°) 

(a)  Refer  to  Table  5-6  for  a  description  and  percent  reduction  effected 
by  each  decontamination  process. 

(b)  Decay  calculated  from  end  of  one  decontamination  process  to  end  of 
nert  one. 

(c)  Percent  of  original  level  regaining  after  decontamination  effort. 


Condition  C.  After  washdown:  aircraft  from  TAG  39,  after  Shots 
4  and  5,  or  after  prior  decontamination;  test  plates  and  aircraft  from 
TAG  40,  after  Shots  2,  4,  and  5- 

To  fully  evaluate  the  various  decontamination  methods,  it  was 
necessary  to  use  the  combined  test-plate  and  aircraft-decontamination 
results  for  a  comparison  of  the  methods  under  these  three  conditions. 

The  fixed  gamma  detector  gave  a  continuous  record  of  the  cockpit 
radiation  intensities  and  provided  sufficient  data  to  give  the  contribu¬ 
tion  of  decay  and  that  of  individial  decontamination  methods  toward  the 
overall  reduction  of  the  radiation  field.  The  gamma- survey  data  were 
used  'is  the  basis  for  comparing  the  effectiveness  of  decontamination 
methods,  since  measurements  of  this  type  were  made  on  both  aircraft  and 
test  plates.  A  percentage  comparison  of  the  decontamination  effective¬ 
ness  determined  from  fixed  gamma  data  and  the  aircraft  gamma- survey  data 
averaged  for  each  aircraft  on  Shots  2  and  5  vere  in  close  agreement, 
although  the  ratios  of  intensities  as  determined  by  the  two  types  of 
measurements  were  different  on  the  two  shots  (see  Figures  D.30  and  D-31, 
Appendix  D) . 

The  three  conditions  of  contamination  were  based  on  the  percentage 
of  contaminant  that  had  been  removed  by  rainstorms,  washdown,  or  decon¬ 
tamination.  Condition  A  had  slight  or  no  removal  of  contaminant. 
Condition  B  covered  the  range  from  Condition  A  to  an  estimated  35-percen 
removal  of  contamination  by  rainstorms.  If  one  takes  the  difference 
between  the  anticipated  45-percent  removal  of  contaminant  by  firehosing 
from  the  slightly  washed  or  unwashed  aircraft  and  8-percent  removal  by 
the  same  method  from  Shot  4  test  plates  after  heavy  rainstorms,  there 
results  an  estimated  35" parcent  removal  of  contaminant  that  may  be 
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accomplished  by  rainstorms  several  days  after  contamination  and  prior 
to  decontamination.  Condition  C  is  subdivided  into  C-l,  which  includes 
the  range  of  35  to  60  percent  of  removal  by  prior  decontamination 
(firehosing  or  hot-liquid- jet  washing),  and  C-2,  which  had  approximately 
95-percent  prior  removal  by  washdown. 

The  results  for  decontamination_  of  aircraft  under  the  three 
conditions  of  contamination  were  based  on  the  actual  and  interpc  Juated 
data  obtained  from  the  decontamination  of  the  test  aircraft  and  test 
plates. 

Condition  A. 

1.  One  firehosing  removed  35  percent  of  the  original  contaminant 
and  is  capable  of  removing  45  percent.  Two  passes  with  a  firehose 
removed  a  total  of  50  percent  of  the  initial  contaminant.  Beaults  of 
the  initial  decontamination  of  the  aircraft  from  the  TAG  40  after  Shot 
2  shewed  that  a  single  6-min  (20,000  sq  ft/hr)  firehosing  removed  36 
percent  of  the  original  contaminant  (see  Table  5-5)*  Since  a  second 
24-min  (5,000  sq  ft/hr)  firehosing  with  two  nozzles  brought  tae  total 
amount  removed  from  the  same  aircraft  to  51  percent,  it  is  assumed  that 
a  longer  and  more-thorough  initial  firehosing  is  capable  of  removing 

up  to  45  percent  of  the  original  contaminant.  Thus,  two  passes  with  a 
firehose  removed  a  total  of  50  percent  of  the  initial  contaminant  from  an 
aircraft;  the  amount  removed  by  each  pass  depended  upon  the  time  and 
thoroughness  of  the  washing  on  each  pass. 

2.  One  hot- liquid- jet  washing  is  capable  of  removing  50  to  60 
percent  of  the  initial  contaminant.  A  second  pass  will  remove  little 
additional  contaminant.  These  figures  are  baaed  on  a  combination  of 
test- plate  data  and  past  experience.  The  results  from  two  sets  of 
test  plates  from  the  TAG  40  after  Shot  2  showed  that  one  hot- liquid- jet 
washing  is  18  and  21  percent  more  effective  than  a  single  firehosing. 
Adding  the  average  of  these  (19  percent)  to  the  firehosing  results  for 
Condition  A  -1  gives  50  to  60  percent  of  removal  for  a  single  hot- liquid- 
jet  washing.  Test-plate  results  from  Snots  4  and  5  indicate  that  no 
additional  contaminant  is  removed  by  a  second  hot-liquid- jet  washing 
(see  Ifeble  5 ,6).  However,  past  experience  indicated  that  some  contami¬ 
nant  is  removed  by  a  second  pass. 

Condition  B. 

1.  One  firehosing  removed  5  to  10  percent  and  two  passes  with 
the  firehose  removed  a  total  of  10  to  15  percent  of  the  remaining 
contaminant.  The  results  from  one  firehosing  with  20  psig  water 
pressure  on  test  plates  after  Shot  4  was  8- percent  removal.  This  value 
should  be  slightly  greater  with  a  higher  water  pressure.  Shot  5  test- 
plate  data  showed  no  contaminant  was  removed  by  the  first  firehosing 
but  18  percent  vas  removed  by  the  second  pass.  Discarding  the  results 
of  the  first  decontamination  as  being  unreliable,  it  is  assumed  that 
10  percent  of  the  contaminant  was  removed  by  the  first  pass.  Thus, 
there  results  the  range  of  5  to  10  percent  removal,  which  was  obtained 
when  the  maximum  amount  of  contaminant  was  removed  by  prior  rainstorms. 

If  the  amount  removed  by  prior  rainstorms  is  leas  than  the  maximum, 
the  percentage  of  contaminant  removed  by  a  single  firehosing  would 
increase.  The  total  of  10  to  15  percent  removal  of  remaining  contaminant 
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with  two  firehoalngs  is  based  on  the  results  of  Shot  4  and  Shot  5  test 
plates,  which  gave  12  and  15  percent  removal  of  contaminant  under  these 
conditions. 

2.  One  hot- liquid- jet  washing  removed  20  to  30  percent  of  the 
remaining  contaminant;  a  second  pass  will  remove  little  additional 
contaminant.  The  first  hot- liquid- Jet  washing  of  the  aircraft  from 
the  TAG  40  after  Shots  4  and  5  removed  23  and  32  percent,  respectively, 
of  the  remaining  contaminant.  In  addition,  the  results  on  three  out 
of  four  sets  of  test  plates  from  Shots  4  and  5  came  within  these  limits; 
the  other  set  of  test  plates  had  14  percent  removal.  As  in  the  case  of 
firehosing  for  this  condition,  these  values  represent  the  conditions 
after  an  estimated  35  percent  prior  removal  by  rainstorm.  If  a  lesser 
percentage  of  the  original  contaminant  is  removed  by  the  rainstorms,  the 
percentage  of  the  remaining  contaminant  removed  by  hot- liquid- Jet  washing 
will  increase.  Data  from  the  Shots  4  and  5  test  plates  show  no  additional 
contaminant  was  removed  by  a  second  pass  with  the  jet. 

Condition  C-l. 

1.  One  scrubbing  with  detergent  removed  35  percent  and  is  capable 
of  removing  up  to  75  percent  of  the  remaining  contaminant.  Decontamina¬ 
tion  data  from  the  aircraft  on  the  TAG  ^0  after  Shots  4  and  5  show  that 
scrubbing  with  detergent  after  one  hot- liquid- Jet  washing  removed  39 
and  37  percent  of  the  remaining  contaminant.  Comparable  data  on  test 
plates  that  had  one  or  two  Jet  washings,  or  two  firehosings,  before 
scrubbing  with  detergent,  showed  50  >  50,  76,  54,  and  75  percent  of  the 
remaining  contaminant  removed.  The  test  panels  were  decontaminaued 
under  optimum  conditions;  i.e.,  flat,  clean,  unweathered  surfaces  which 
were  easy  to  scrub.  The  aircraft  surfaces  had  varied  shapes  and  &cCessi- 
bilities  including  the  underside  of  the  aircraft  and  the  wing  roots. 

For  this  reason,  better  scrubbing  and  drainage  probably  occurred  on  the 
test  plates  than  on  the  aircraft  surfaces.  This  may  account  for  the 
fact  that  in  all  cases  the  test  panels  had  a  higher  percentage  removal 
than  the  aircraft. 

2.  A  second  scrubbing  with  detergent  removed  10  to  50  percent  of 
the  remaining  contaminant.  The  same  two  aircraft  mentioned  in  the 
preceding  section  were  given  a  second  scrubbing  with  detergent,  which 
resulted  in  14-percent  removal  of  contaminant  from  both  aircraft.  A 
second  scrubbing  of  comparable  test  plates  resuj-uol  in  a  0,  21,  and  52 
percent  removal  of  remaining  contaminant.  The  0- percent  removal  is 
considered  unreliable,  because  of  the  aircraft  data  and  past  experience 
indicate  that  some  contaminant  will  be  removed  by  additional  scrubbing. 

3-  Or.e  scrubbing  with  Gunk  (C-l47)  removed  50  percent  and  is 
capable  of  removing  up  to  05  percent  of  the  remaining  contaminant.  The 
Shot  5,  YAG  40  aircraft,  which  had  been  washed  with  a  hot- liquid- Jet 
and  scrubbed  three  times  with  detergent,  was  then  scrubbed  with  Gunk, 
and  54  percent  of  the  remaining  contaminant  was  removed.  The  maximum 
of  85-percent  removal  was  obtained  by  scrubbing  test  plates  from  Shot 
5  with  Gunk  after  only  one  washing  with  a  hot- liquid  Jet.  The  Shot  2, 

YAG  40,  aircraft  had  a  29-percent  removal  of  contaminant  by  scrubbing 
with  Gunk;  but  these  data  were  not  used,  because  this  was  the  seventh 
decontamination  of  this  aircraft  and  84  percent  of  the  original  con¬ 
taminant  had  been  removed  by  the  prior  decontamination  and  decay.  As 
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mentioned  before,  the  effectiveness  of  this  method  of  decontamination 
will  vary  inversely  with  the  effectiveness  of  prior  decontamination 
efforts  or  rainstorms. 

4.  A  second  scrubbing  with  Gunk  removed  15  percent  and  is  capable 
of  removing  up  to  35  percent  of  the  remaining  contaminant.  A  second 
scrubbing  of  the  aircraft  from  the  YAG  40  after  Shots  2  and  5  resulted 
in  a  17  and  19  percent  reduction  in  contaminant,  respectively.  Since 
these  results  were  obtained  on  the  eighth  and  sixth  decontaminations, 
respectively,  the  actual  decontamination  efficiency  obtainable  by  this 
method  at  earlier  times  in  the  decontamination  operation  is  probably 
closer  to  the  37- percent  removal  obtained  by  the  second  scrubbing  of 
the  test  plates  from  Shot  5  vith  Gunk. 

Condition  02. 

1.  The  data  for  this  condition  is  obtained  from  the  decontamina¬ 
tion  of  the  aircraft  from  the  YAG  39  after  Shots  4  and  5-  The  aircraft 
on  the  YAG  39  after  Shot  5  was  first  washed  with  a  hot-liquit  Jet,  which 
removed  18  percent  of  the  remaining  contaminant.  Ihis  was  followed  by 
scrubbing  with  detergent,  which  removed  an  additional  17  percent,  and 
scrubbing  with  Gunk,  which  removed  40  percent  of  the  remaining  con 
taminant . 

2.  The  aircraft  on  the  YAG  39  after  Shot  4  was  scrubbed  twice  with 
detergent.  The  first  scrubbing  removed  36  percent,  and  the  second  scrub¬ 
bing  removed  10  percent  of  the  remaining  contaminant. 

A  summary  of  the  above  results  are  given  in  Tables  5-7  through 
5.10.  They  are  based  on  the  combined  aircraft  and  test- plate  results 
and  represent  the  range  of  decontamination  results.  The  maximum  decon¬ 
tamination  effectiveness  was  obtained  on  the  test  plates  and  represents 
the  maximum  effectiveness  that  can  be  approached  under  optimum  conditions. 


TABLE  5.7  DECOHTAHHIATIOB  KITBCnvnESS  UKDgR  COHDITIOM  A 


Condition  A  -  After  flight 
prior  washing  or  no  prior  washing 


Percent  contaa  Inant 
removed  by  decontamination 

Method* 

1  pea* 

2  pease* 

Elrehoalng 

35-^5  - 

- ►  50 

Hot  liquid 

Jet  with 

50  -  60 

- 

Each  block  Include*  the  result*  of  •  *equence  of  decontamination 
■ethod*  which  were  performed  in  the  order  indicated  by  the 
arrow*. 


Although  these  percentages  include  the  maximum  percentage  removal 
that  can  be  approached  by  decontamination,  it  is  conceded  that  the 
practical  "working  percentages'  that  will  be  obtained  during  full-scale 
decontamination  operations  will  cover  a  much- smaller  range.  Tables  5. 11 
through  5.13  give  the  anticipated  working  percentages  that  can  be 
obtained,  based  mainly  on  the  aircraft  test  data  supplemented  by  the 
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TABLE  5.8  DECONTAMINATION  ETSTCTTVKK5SS  UNDER  CONDITION  B 


Condition  B  -  After  washing  by  heavy 
rainstorms  with  up  to  35  percent  of  the 
Initial  contaminant  removed. 


Methods 


Percent  of  remaining  contaminant  removed 
by  decontamination 


1st  pass  2nd  pass  1st  pass  2nd  pass 


Fire hosing 


5  -  10 


-  <*)  i 

10  -  15 


(a)  Percent  contaminant  removed  by  two  passes;  all  other  results 
are  percent  of  remaining  contaminant  removed  by  each  pass. 


Each  block  Includes  the  results  of  a  sequence  of  decontamination 
methods  which  were  performed  in  the  order  indicated  by  the  arrows. 


TABLE  5.9  DECONTAMINATION  EFFECTIVENESS  UNDER  CONDITION  C-l 


Condition  C-l  -  After  prior  decontamination  by 

fire ho sing  or  hot-liquid-jet  washing  which  has  removed 

from  35  to  60  percent  of  the  original  contaminant 


Percent  of  remaining  contaminant  reaoved  by 
decontamination 


Methods 

1st  pSLSS 

2nd  pass 

1st  pass  2nd  pass 

Scrub  with 
detergent 

35  -  75 

"*10-50 

Scrub  with 
Gunk 

T - - 

50-85  15  -  35] 

Each  block  include!  the  retulta  of  a  sequence  of  decontamination 
methods  which  were  performed  in  the  order  indicated  by  the  arrows. 


TABLE  5-10  DECONTAMINATION  EFFECTIVENESS  UNDER  CONDITION  C-2 


Condition  C-2  -  After  prior  washdown  with  approximately 
95  percent  removal  of  original  contaminant  by  washdown 


Percent  of  remaining  contaminant  removed  by 
decontamination 


Methods  1st  pass  2nd  pass  1st  pass  2nd  pass 


Hot  liquid 
Jet  with 
detergent 

18 

_ 1  J 

1  _  '  _  .  .  _  . .  . 

Scrub  with 

17 

_ 

detergent 

36  - m-  10 

Scrub  with 

to 

—  -  . .  -  - 

C-unk 

Each  block  includes  the  results  of  a  sequence  of  decontamination 
methods  which  were  performed  in  the  order  indicated  by  the  arrows. 
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TABLE  5.11  DECONTAMINATION  WORKDC  PERCENTAGES  UMBER 
CONDITION  B,  BASED  MAINLY  ON  AIRCRAFT  BATA 


Condition  B  -  After  washing  by  heavy  rains  torus 
with  up  to  35  percent  of  the  Initial  contaminant 
removed 


Percent  of  regaining  contaminant  removed  by 
decontamination 


Methods  1  pass  2  passes 


Eire honing 


5-10  - -  10  -  15 


1  pass  2  passes 


Each  block  Includes  the  results  of  a  sequence  of  decontamination 
methods  which  were  performed  in  the  order  indicated  by  the  arrows. 


TABLE  5.12  DECONTAMINATION  WORKING  PERCENTAGES  UNDER 
CONDITION  C-l,  BASED  MAINLY  ON  AIRCRAFT  DATA 


Condition  C-l  -  After  prior  decontamination  by 
fire hosing  or  hot-liquid-jet  washing  which  has 
removed  from  35  to  60  percent  of  the  original 
contaminan' 


Percent  of  remaining  contaminant  removed  by 
decontamination  _  _ 


Methods  1  pass  2  passes  ‘  1  pass  2  passes 


Scrub  with 
detergent 


Scrub  with 
Gunk 


Each  block  Includes  the  results  of  a  sequence  of  decontamination 
metnods  which  were  performed  in  the  order  indicated  by  the  arrows. 


TABLE  5.13  DECONTAMINATION  WORKING  PERCENTAGES  UNDER 
CONDITION  C-2,  BASED  MAINLY  ON  AIRCRAFT  DATA  _ 

Condition  C-2  -  After  prior  washdown  witi. 
approximate!)  05  percent  removal  of  ori ginal 
contaminant  by  vaabdovn 


Percent  of  remaining  contaminant  removed  by 
decontamination 


Methods  1  pass  2  passes  1  pass  2  passes 


Hot  liquid 


Jet  with  I 

detergent 

1 - 

15  ■ 

2° 

Scrub  with 
detergent 

15 

-  20 

1 

35  -  to  1*0  -  U5 

Scrub  with 
Gunk 

Uo  • 

f 

-  50 

Each  block  includes  the  results  of  e  sequence  of  decontamination 
methods  which  were  performed  in  the  order  indicated  by  the  arrows. 
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test  plate  data  and  past  experience.  Table  5-7  also  applies  as  working 
percentages.  The  values  for  firehosing  and  washing  with  the  hot- liquid 
jet  are  quite  reliable  since  considerable  data  have  been  accumulated 
for  these  conditions.  The  values  for  an  initial  scrubbing  with  detergent 
or  Gunk  are  the  conservative,  since  no  test  data  were  obtained  for 
these  conditions,  except  on  the  Shot  5,  TAG  39,  aircraft  after  washdown. 
All  the  other  data  for  scrubbing  v«re  on  surfaces  that  had  received  one 
or  more  prior  decontaminations  by  combinations  of  firehosing,  washing 
with  the  hot-liquid  Jet,  or  scrubbing  with  detergent;  these  data  have 
been  used  as  the  basis  for  the  values  in  this  table.  The  percentage 
removal  in  Tables  5.11  through  5.13  are  given  on  the  basis  of  one  pass 
and  two  passes  in  order  to  limit  the  range  to  realistic  values.  The 
values  for  two  passes  are  obtained  by  multiplying  the  percent  remaining 
after  one  pass  by  the  percent  removed  by  the  second  pass,  adding  this 
product  to  the  percent  removed  by  one  pass,  and  adjusting  •'•he  sum  to  a 
workable  percentage  on  the  basis  of  other  test  data  and  past  experience. 

Graphs  of  the  decontamination  results  are  given  in  Figure  5-16 
through  5.19.  Figure  5.16  compare:.,  the  results  of  the  aircraft  decon¬ 
taminations  on  the  basis  of  the  initial  contaminant  that  did  or  would 
have  landed  on  the  aircraft  by  compensating  for  the  prior  removal  of 
contaminant  for  Conditions  B  and  C-2.  Figures  5. 17  through  5. 19  show 
the  results  for  the  individual  conditions  based  on  the  percent  of  the 
as- received  contaminant  remaining  after  the  various  decontaminations. 

When  comparable  test  panel  results  are  applicable,  they  are  given  at 
the  top  of  the  figure  for  comparison. 

5.5.U.1  Discussion.  When  an  aircraft  is  received  in  Condition  A 
or  Condition  C-2,  decontamination  results  should  be  consistent  with 
those  reported  here. 

When  an  aircraft  is  received  under  Condition  B  or  Condition  C-l, 
the  effectiveness  of  any  subsequent  decontamination  will  vary  inversely 
with  the  amount  of  prior  removal.  Thus,  if  prior  removal  approaches 
the  maximum  as  given  for  Condition  B  or  C-l,  a  low  effectiveness  may  be 
expected  for  the  first  subsequent  decontamination,  if  firehosing  or  hot- 
liquid-  Jet-washing  methods  are  used. 

Figure  5.16  demonstrates  the  efficiency  of  the  washdown  system. 

It  shows  that,  on  a  comparative  basis,  the  percentage  remaining  on  all 
the  YAG  bO  aircraft  after  complete  decontamination  was  more  than  that 
on  the  YAG  39  (washdown)  aircraft  before  decontamination  was  begun. 

A  comparison  of  the  test  plate  results  and  the  aircraft  results, 
Figures  5. 17  and  5.18,  shows  that  firehosing  results  are  in  close 
agreement  and  hot-liquid- Jet  washing  results  in  fairly  close  agreement. 
However,  the  results  from  scrubbing  with  detergent  and  scrubbing  with 
Gunk  show  that,  in  all  cases,  more -effective  decontamination  was  obtained 
on  the  test  plates  than  on  the  aircraft. 

nils  discrepancy  can  be  attributed  to  the  flat  surface  and  the 
accessibility  of  the  test  plates  decontaminated  under  ideal  conditions, 
as  contrasted  to  the  aircraft  with  its  many  configurations,  openings, 
and  joints  decontaminated  under  test  condition^.  Further  proof  can  be 
found  in  Table  D.ll,  Appendix  D,  which  compares  the  average  of  the 
gamma- survey-meter  readings  with  location  40  readings.  The  average 
reduction  from  the  first  scrubbing  with  detergent  (the  fourth  decontami- 
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EFFORT  (MANHOURS/ 2000  SQUARE  FEET  OF  AIRCRAFT)  EFFORT  (MANHOURS/2000 


Figure  5.16  Percent  of  original  contaminant  remaining 


PERCENT  OF  ORIGINAL  CONTAMINANT  REMAINING 

Figure  5.17  Percent  of  original  contaminant  remaining 
versus  manpower  for  Condition  A,  Chot  2  IAG  /,0. 

170 


CONFIDENTIAL 


/2C00  SQUARE  FEET  OF  AIRCRAFr)  EFFORT  (MANH0URS/2000  SQUARE  FEET  OF  AIRCRAFT) 


n-MLJx  /- 2  •  K L J  .,?• 

|  X - c5 


? •  HL  J  0  NO  I-5C  PET 


TEST  PLATE  DATA 


-2  CH  AND  i-SC  OET 


I  MLJ-v.  jr-2-HLJ 


l-HLJ  AND  SC  DETj 

(>^_I-,1LJ  ANO  2  -  SC  OET 
2-HLJ  AND  l-SC  DET _--2-HLj  AND  2-SC  D£7 


FH  -  FIRE  HOS  NO 
HL  J  -HOT  LIQUID  J£  f  WASH 
SC  OET -SCRUB  WITH  OETfUGENT 
SC  GUNK  -  SCKuB  WITH  GUNK 


?-r H  ANO  l-SC  OET- 


-2-FH  ANO  2  -  SC  DET 


I  -  HL  J  AND  I-  SC  GUN;',- 


■HU  ANO  2-SC  GUNK 


AIRCRAFT  DATA 


SHOT  5  .  I  i  ! 

O'-HOT  LIQUID  JET  WASH  AND  3-SCRUB  WITH  DETERGENT 
/  AND  l- SCRUB  WITH  GUNK 


j  .  f  I 

XJl-HCT  LIQUID  JET  WASH  AND  3*  SCRUB  WITH  DETERGENT 
'  ANO  I-SCRU8  WITH  G«'NK 

I  I  !  I  I  I  I  I 


I  !  '  1  M  i  i  i  i 

|  |  |  !  V  i' HOT  LIQUID  JET  WASH  AND  3-SCRUB  WITH  DETERGENT 

l-HOT  LIQUID  JET  WASH  /  I  I 

AND  2-SCRUB  WITH  N  / 

DETERGENT  \  i  I 


~|— r 

SHOT  4 


y  -x 


QUID  JET  WASH  AND  2'SCRUB  WITH  DETERGENT 


-HOT  LIQUID  JET  // 
WASH  AND  l-SCRUH/  / 


WASH  AND  l-SCRUB  i 
WITH  DETERGENT  J 


Jl-HOT  LIQUID  JET  WASH  AND  l-SCRUB  WITH  DETERGENT 


l-HOT  L'QUID  JET  WASH 


)  00  70  60  50  40  30 


PERCENT  OF  ORIGINAL  CONTAMINANT  REMAINING 


Figure  5.18  Percent  of  original  contaminant  remaining 
versus  manpower  for  Condition  B,  Shots  4  and  5  YAG  40 
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nation)  was  55  percent  from  the  average  survey-meter  readings,  compared 
to  82  percent  at  Location  40.  This  indicates  that,  at  6ome  locations 
on  the  aircraft,  the  ideal  conditions  of  the  test  plates  are  duplicated 
and,  at  these  locations,  the  aircraft-decontamination  effectiveness 
approaches  that  obtained  on  the  test  plates  but  that  data  from  all  sur¬ 
faces  are  needed  to  predict  the  decontamination  effectiveness  of  an 
aircraft  by  scrubbing  methods. 

The  results  of  the  initial  firehoaing  indicates  that  two  passes 
will  remove  a  total  of  50  percent  of  the  contaminant.  The  amount  removed 
by  the  second  firehosing  will  depend  upon  the  amount  removed  by  the  first 
pass  and  will  bring  the  total  contaminant  removed  up  to  50  percent  of 
the  original  contaminant. 

The  results  from  the  test  plates  for  Shota  4  and  5  show  that  the 
hot- liquid- Jet  washing  with  fresh  or  salt  water  have  about  the  same 
decontamination  effectiveness.  The  Jet  washing  was  always  performed 
with  detergent.  The  scrubbing  with  detergent  or  Gunk  on  the  aircraft 
and  test  nlates  was  always  followed  by  a  Jet  rinse,  with  one  exception. 

On  this  occasion,  a  firehose  was  used  to  rinse  the  test  plates.  The 
data  from  the  one  use  of  scrubbing  with  detergent  followed  by  a  firehose 
rinse  indicate  that  the  type  of  rinse  did  not  affect  the  decontamination 
effectiveness. 

Since  the  decontamination  of  the  aircraft  included  industrial  as 
well  as  tactical  decontamination  methods,  data  were  obtained  for  scrub¬ 
bing  with  Gunk.  However,  for  tactical  decontamination  t-.board  an  aircraft 
carrier.  Gunk  is  not  recommended,  because  of  fire  hazard,  slicknees  of 
the  deck  when  Gunk  is  on  it,  and  the  rapid  deterioration  of  a  wood  deck 
exposed  to  Gunk. 

No  decontamination  was  performed  on  the  test  plates  from  the  YAG 

39  (or  washdown)  ship  because  of  insufficient  contamination.  The  Shot 

2  plates  were  not  contaminated,  because  the  ship  did  not  receive  signifi¬ 
cant  amounts  of  fallout  and  the  plates  on  the  Bhip  during  ShetB  4  and  5 
did  not  have  enough  residual  contaminant  after  washdown  (less  than  5  mr/ 
hr  for  Shot  4  and  30  mr/hr  for  Shot  5)  to  Justify  decontamination. 

A  comparison  of  the  lesults  shows  that  one  initial  hot-liquid- jet 
washing  is  5  to  15  percent  more  effective  than  one  firehosing  and  0  to 
10  percent  more  effective  than  two  firehosings. 

A  comparison  of  the  hot-liquid- jet  washing  versus  scrubbing  with 
detergent  under  Condition  B  shows  that  scrubbing  with  detergent  is  the 
more  effective,  since  it  removed  38  percent  of  the  remaining  contaminant 
after  two  washings  with  the  hot- liquid  jet. 

Scrubbing  with  Gunk  is  more  effective  than  scrubbing  with  detergent. 
Under  Condition  C  l,  scrubbing  with  Gunk  removed  54  percent  of  the 
remaining  contaminant  after  two  scrubbings  witn  detergent. 

The  results  under  Condition  C-2  (washdown;  indicate  that  a  fir°t 
scrubbing  with  detergent  viil  remove  36  percent  of  the  remaining  con¬ 
taminant  but  tnat  scrubbing  with  Gunk  is  more  effective,  since  it  removed 

40  percent  of  the  remaining  contaminant  after  one  .iet  washing  and  one 
scrubbing  with  detergent. 

A  comparison  of  the  results  obtained  under  Conditions  C-l  and  C-2 
shows  that  the  decontamination  effectiveness  results  are  lees  after  a 
washdown  than  after  prior  decontamination.  Since  the  results  are  some¬ 
what.  similar  and  the  6ame  methods  of  decontamination  are  used  on  both. 
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Conditions  C-l  and  C-2  are  combined  later  in  this  report  for  recommending 
methods  of  decontamination  for  the  three  conditions. 

An  examination  of  the  aircraft  data  shows  that  a  second  pass  with 
any  of  the  methods  of  decontamination  used  is  relatively  ineffective 
but  the  effectiveness  of  tho  second  pass  will  vary  inversely  with  the 
percentage  of  contaminant  removed  by  the  first  pass.  An  examination 
of  the  test-plate  data  indicates  that  up  to  a  maximum  of  50  percent  of 
the  remaining  contaminant  can  be  removed  by  a  second  pass.  This  maximum 
was  obtained  by  scrubbing  with  detergent.  Other  methods  gave  less  removal 
for  a  second  pass.  Thus,  it  is  again  emphasized  that  two  passes  vill 
remove  a  fairly  constant  amount  and  the  thoroughness  and  effectiveness 
of  the  first  pass  will  control  how  much  can  be  ramoved  by  a  second  pass. 

In  general,  the  results  show  that  scrubbing  with  Gunk  is  the  most- 
effective  method  of  decontamination,  followed  in  decreasing  effectiveness 
by  scrubbing  with  detergent  end  with  the  hot- liquid- jet  washing  slightly 
more  effective  than  firehosing. 

The  above  results  are  based  solely  on  decontamination  effectiveness. 
For  an  overall  evaluation  of  the  various  methods,  the  time  and  manpower 
requirements  must  also  be  oaken  into  consideration. 

A  summary  of  the  results  of  the  tine  and  manpower  studies  are  shown 
in  Table  5.14.  The  complete  results  are  given  in  Table  D.12,  Appendix 
D.  Table  5. 15  gives  the  decontamination  ti^e,  the  number  of  men,  and 
the  manhours  that  would  normally  be  necessary  to  accomplish  the  working 
percentage  removals  given  in  Table  5.7  and  TableB  5. 11  through  5-13- 
These  results  are  based  on  the  decontamination  of  Havy  f4u  aircraft, 
which  have  a  surface  area  of  approximately  2000  sq  ft.  During  these 
studies,  the  wing  tips  were  in  the  vertical  position.  It  should  also 
be  remembered  that  the  decontamination  covered  all  the  surfaces,  which 
included  not  only  the  fuselage  3nd  top  wing  surfaces  but  also  many 
configurations,  such  as  the  underside  of  the  plane,  the  landing  gear 
and  the  wing  roots. 

The  rates  of  decontamination  are  calculated  on  the  basis  of  the 
average  of  the  total  times  used  during  actual  aircraft  decontamination 
operations.  On  this  basis,  the  scrubbing  with  detergent  vas  accomplished 
at  about  the  same  rate  as  is  considered  optimum  for  exterior  wall  surfaces 
from  the  San  Bruno  Test  (Reference  11).  The  optimum  rate  for  scrubbing 
with  detergent  was  1330  sq  ft/hr  versus  the  average  rate  of  1450  sq  ft/hr 
used  on  the  aircraft.  The  average  rate  for  scrubbing  was  comparei  on 
the  basis  of  the  single  scrub  since  the  data  indicate  that  the  double 
scrub  is  no  more  effective.  The  average  rates  for  firehosing  and  washing 
with  the  hot- liquid  jet  were  both  about  40  percent  more  than  the  rates 
recommended  on  the  basis  of  the  San  Bruno  Test. 

Firehosing  was  performed  at  an  average  rate  of  8300  eq  ft/hr  per 
nozzle  versus  6000  sq  ft /hr  recomrended .  However,  this  is  a  poor  com¬ 
parison,  because  of  the  first  firehosing  of  Shot  2,  YAG  40,  aircraft 
was  accomplished  with  a  single  nozzle  at  20,00C  sq  ft/hr  with  the 
removal  of  36  percent  of  the  original  contaminant.  A  second  firehosing 
of  the  same  plane  with  two  nozzles  at  a  rate  of  2500  8q  ft /hr  per  nozzle 
removed  28  percent  of  the  remaining  contaminant.  This  would  indica^0 
that  the  rate  cf  the  first  firehosing  was  too  high  to  obtain  maximum 
removal  and  the  rate  cf  the  second  firehosing  was  too  low  for  max ii ur 
efficiency.  Based  on  this  test  and  past  experience,  the  recommendec 
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TABLE  5.1V  SUM4ABX  Of  TIME  AMD  MABPCMER  STUDIES  OF  DBCORTAMmATIOR 
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TABLE  5.15  TUB  AMD  MANPOWER  NECESSARY  FOR  DECONTAMINATION 
EFFECTIVENESS  VALUES 
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rate  of  6000  aq  ft/hr  appears  to  be  low  and  a  rate  of  about  8000  aq 
ft/hr,  or  15  ain  per  aircraft,  would  be  better 

The  hot-liquid- Jet  decontamination  was  performed  at  an  average  rate 
of  3350  aq  ft/hr,  which  is  about  40  percent  more  than  the  2400  aq  ft/hr 
recommended  on  the  baste  of  the  San  Bruno  Test  data.  The  data  in  Table 
D.12,  Appendix  D,  indicate  that  a  slower  rate  should  have  been  more 
effective,  Tbe  decontamination  of  the  Shot  5»  TAG  40,  aircraft  with  the 
jet  washing  at  3000  aq  ft /hr  removed  32  percent  of  the  initial  contaminant, 
while  the  same  method  on  the  Shot  4,  TAG  40,  aircraft  at  4000  sq  ft/hr 
removed  only  23  percent  of  the  initial  contaminant.  The  data  from  the 
test  plates  show  a  second  jet  washing  to  be  ineffective. 

A  comparison  of  the  time  and  man-hours  involved  show  that  firehosing, 
based  on  a  rate  of  6000  sq  ft /hr,  is  the  most  efficient  taking  about 
two-thirds  the  time  with  three- fourths  as  many  man-hours  per  aircraft 
as  the  hot- liquid- jet  washing.  However,  on  comparative  initial  decontami¬ 
nation  efforts,  the  jet  should  be  about  15  percent  more  effective.  The 
single  scrubbing  with  detergent  takeo  about  two  to  four  times  as  long 
to  go  over  an  aircraft,  while  using  four  to  five  times  as  many  man-hours 
and  with  1  l/2  times  the  personnel  as  the  hot  liquid  Jet  or  firehosing. 

Although  no  manpower  data  were  taken  on  scrubbing  with  Gunk,  it 
should  take  a  slightly  longer  time  with  the  same  manpower  as  scrubbing 
with  detergent,  because  an  extra  detergent  rinse  ie  necessary  to  remove 
the  Gunk. 

Figures  f.l6  through  5-19  compare  the  percent  of  original  contami¬ 
nant  remaining  after  decontamination  methods  used  on  the  aircraft  versus 
the  effort  in  m-n-houra  which  would  normally  be  use*  to  accomplish  the 
decontamination.  Figure  5-16  has  the  100-percent-rt.^r.ining  (initial- 
starting)  line  adjueted  to  compensate  for  the  rainstorms  and  washdown 
of  Conditions  B  and  C-2.  A  comparison  of  Shots  2  and  5,  TAG  40,  data 
indicates  chat  approximately  the  same  number  of  man-hours  vere  expended 
to  achieve  the  same  decontamination  end  point.  An  examination  of  the 
Shot  5,  YAG  39.  data  shows  that  although  the  amount  of  contaminant 
removed  was  small,  compared  to  the  initial  contaminant  on  the  YAG  40 
aircraft,  nearly  half  of  the  contaminant  remaining  after  washdown  was 
removed  by  three  decontaminations. 

Figures  5>l6  through  5-19  indicate  that  the  first  decontamination 
by  a  method  is  generally  quite  effective  but  that  the  second  and  third 
decontaminations  by  the  same  method  are  less  efficient,  considering  the 
decreasing  effectiveness  on  each  method  and  the  man-hours  involved.  This 
is  further  pointed  out  in  the  overall  decontamination,  which  shows  that 
the  first  decontamination  removes  a  fairly  large  amount  of  the  contami¬ 
nant  with  relatively  small  effort  but  that,  as  the  decontamination  pro¬ 
gresses,  it  takes  a  considerable  effort  to  remove  a  small  amount  of 
contaminant . 

The  information  obtained  from  the  decontamination  effectiveness 
results  and  the  time  and  manpower  studies  can  be  applied  to  carrier 
aircraft.  Tentative  recommendations  presented  subsequently  are  based 
only  on  the  decontamination  of  the  aircraft  exclusive  of  the  surrounding 
areas.  Other  factors  to  be  taken  into  consideration  have  been  described 
in  more  detal  in  Reference  9-  However,  one  of  the  most  important  factors 
to  be  remembered  is  that  the  flight  deck  and  aircraft  will  be  decontami¬ 
nated  simultaneously,  so  the  method  selected  for  the  initial  decontami-- 
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nation  of  the  flight  deck  will  undoubtedly  be  used  for  the  initial 
decontamination  of  the  aircraft. 

Reference  9  divided  decontamination  periods  into  "tactical"  and 
"industrial"  and  further  subdivided  "tactical"  into  "emergency"  and 
"operational."  The  emergency-decontamination  period  included  the  time 
from  atomic  attack  until  the  commencement  of  flight  operations.  The 
operational-decontamination  period  was  the  remainder  of  the  tactical 
situation.  Industrial  decontamination  consisted  of  measures  which  had 
to  be  instituted  upon  delivery  of  tactically  decontaminated  aircraft  to 
a  land  base  for  major  repair  of  maintenance. 

Although  this  breakdown  is  based  entirely  on  an  operational  or  time 
basis,  tentative  recommendations  are  made  to  tie  in  decontamination 
operations  with  this  breakdown. 

Table  5.16  gives  data  on  the  wipe  samples  taken  before  and  during 
the  decontaminatitn  of  the  aircraft  from  the  TAG  40  after  Shot  2.  This 
table  shows  that  the  first  two  decontaminations  (two  firehosings)  removed 
over  90  percent  of  the  removable  contaminant  and  that  six  decontaminations 
removed  over  99  percent  of  the  removable  contaminant.  These  data  were 
further  verified  by  using  a  beta- survey  instrument  to  check  the  gloves 
used  by  a  worker  who  removed  the  engine  cowling  after  the  sixth  decon¬ 
tamination.  The  reading  on  the  instrument  showed  an  increase  of 


TABLE  5.16  WIFE  SAMPLE  DATA,  AIRCRAFT  FROM  TO  TAG  to  AFTER  SHOT  2 


Initial  Wipes  Wipes  After  Wipes  After  Percentage  of 

in  d/m  Decon.  No. 2  Decon.  No. 6  Original 

d/m  d/m  Contaminant 

Removed 


Sample 

Number  Location 


less  than  one  scale  division,  which  is  approximately  1  jic  or 
2.22  x  106  d/m. 

Dosimeters  were  worn  by  personnel  assigned  to  the  decontamination 
oAdws.  Although  the  dosimeter  readings  did  not  always  check  with  the 
film-badge  readings,  the  data  obtained  from  them  gave  some  indication 
of  the  dose  that  was  received  while  the  individual  was  performing  the 
specific  decontamination  job. 

Table  5,17  contains  the  most  reliable  data  obtained  during  the 
decontamination  of  the  aircraft  from  the  YAG  40  after  Shot  2.  These 


TABLE  5-17  DOSES  TO  DBCOIfTAMDlATION  CREWS  WORJCDfG 
OH  AOCRAJT  FROM  THE  YAG  AO  AFTER  SHOT  2 


Type  of 
Operation 

Job  of 

Hearer 

Working 
Tlee  (min) 

Dome 

(nr) 

Dec on. 
No. 

r" 

Average  Ganna 
Survey  Reading 
Before 
Decontamina¬ 
tion 

Average 

Ganna  Read¬ 
ing  After 
Decontamina¬ 
tion 

Flrehoalng 

Nozzleman 

6 

150 

1 

2060 

1330 

Hot  Liquid 
Jet  Waahing 

Nozzleman 

20 

50 

3 

10A0 

no 

Scrub  with 
Detergent 

Scrubber 

90 

300 

5 

289 

2kO 

Scrub  with 
Detergent 

Hoeesnn 

90 

WO 

5 

289 

2.UO 

Oanraa 

Survey 

Monitor 

*5 

100 

5 

209 

2UO 

data  illustrate  the  importance  of  using  methods  for  the  first  decon¬ 
tamination  processes  which  can  be  accomplished  quickly  and  require  the 
minimum  number  of  personnel  near  the  contaminated  object.  Table  5.15 
gives  the  number  of  personnel  employed  to  accomplish  each  decontamin¬ 
ation  method. 

5.5.5  Contamination  Distribution.  Only  the  aircraft  on  the 
YAG  40  during  Shots  2  and  5  were  contaminated  sufficiently  to  warrant 
a  contaminant  distribution  3tudy.  The  detailed  surveys  are  given  in 
Tables  D.15  through  D.17,  Appendix  D, 

The  aircraft  installed  on  the  YAG  40  during  Shot  2  had  patches 
of  a  white  chalky  substance  at  various  locations  on  the  windward  sur¬ 
faces.  The  decontamination  effective-ess  was  quite  high  in  this  arer  , 
which  indicated  that  this  chalky  substance  was  easily  removable  and 
contained  most  of  the  contamination  found  there.  This  was  especially 
evident  at  Location  40  n  the  inboard  surface  of  the  port  winr  section 
in  the  vertical  position.  These  windward  surfaces  were  contaminated 
five  tc  seven  times  greater  than  the  leeward  ones.  In  comparing  read¬ 
ings  from  the  vertical  and  horizontal  surfaces  on  the  windward  side, 
it  was  found  that  the  contamination  on  the  vertical  surfaces  exceeded 
that  on  the  horizontal  by  a  factor  of  1.5.  The  contamination  on  the 
vertical  and  horizontal  surfaces  on  the  leeward  was  approximately  the 
same.  Readings  were  taken  on  the  horizontal  and  vcrcic  -1  stabilizers 
for  some  indication  of  the  contamination  distribution  on  topside  mi 
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underside  surfaces.  The  ratio  of  the  contamination  of  topside  to 
underside  surfaces  was  9  to  1  for  the  windward  side  and  3  to  1  for 
the  leeward. 

The  contamination  on  the  aircraft  installed  aboard  the  YAG  40 
after  Shot  5  was  more  evenly  distributed  than  that  on  the  aircraft 
after  Shot  2.  There  was  no  visible  foreign  matter  evident  when  the 
aircraft  was  received  at  the  decontamination  site.  Comparing  readings 
(at  the  same  locations)  on  the  port  and  starborad  side  of  the  aircraft 
showed  that  the  average  distribution  was  approximately  the  same  for 
both  sides.  Similarly,  there  was  little  difference  between  the  aver¬ 
age  distribution  on  horizontal  and  vertical  surfaces.  The  ratio  of 
contamination  on  the  topside  to  the  underside  of  the  horizontal  stabil¬ 
izer  was  approximately  5  to  1  for  the  starborad  side  and  2.5  to  1  for 
the  port  side. 

Differences  in  the  contamination  distribution  found  on  the  two 
aircraft  can  be  attributed  largely  to  the  wind  and  weather  conditions 
and  type  of  contaminant.  The  surface  wind  after  Shot  2  was  coming 
from  the  forward  quarter  on  the  starboard  side,  as  was  evident  from 
the  contamination  distribution  found  on  the  windward  and  leeward 
surfaces.  On  the  other  hand,  the  surface  v  ind  after  Shot  5  was  approx¬ 
imately  either  parallel  to  the  ship  or  from  the  forward  quarter  just 
a  few  degrees  off  the  port  bow.  This  fact  explains  the  similar  dis¬ 
tribution  that  was  found  on  the  port  and  starboard  side.  The  chalky 
substance  found  on  the  aircraft  after  Shot  2  was  definitely  in  patches 
and  appeared  to  ha™  little  runoff  from  them.  It  was  almost  like  a 
thin  paste  which  had  dried  on  the  surface.  Other  areas  where  the  dis¬ 
tribution  was  much  lower  had  no  such  visible  deposit.  On  the  other 
hand,  no  such  contaminated  foreign  matter  was  visible  on  the  aircraft 
after  Shot  5,  and  no  area  appeared  much  more  heavily  contaminated  than 
others.  Some  of  this  difference  between  the  contamination  distribution 
was  probably  caused  by  rain,  because  the  aircraft  after  Shot  5  was  sub¬ 
jected  to  more  severe  rains  than  the  one  after  Shot  2, 

5.6  CONCLUSIONS 

Under  conditions  similar  to  those  during  Operation  Castle,  it  may 
be  concluded  that: 

1.  A  washdown  system  which  gives  adequate  water  coverage  will 
reduce  the  gamma  radiation  intensity  level  by  approximately  95  percent. 

2.  The  major  contributor  of  radiation  intensity  to  the  cockpit 

of  an  aircraft  on  the  deck  of  a  ship  is  the  contaminant  on  the  surfaces 
of  the  aircraft  itself  (75  percent  in  the  one  case  where  data  were 
available ) . 

3.  Contamination  distribution  on  the  aircraft  will  not  be  uniform 
and  will  depend  to  a  great  extent  on  the  course  and  speed  cf  the  ship, 
the  direction  and  velocity  of  the  wind,  and  the  type  of  contaminant, 

4.  Aircraft  material  damage  from  the  washdown  system  will  not  be 
serious,  ana  the  aircraft  will  be  in  flight  condition  if  the  ignition 
system  is  protected. 

5.  Or.  an  aircraft  that  has  not  been  subjected  to  washdown  during 
fallout  or  rainstorms  before  decontamination,  the  amount  of  contamina¬ 
tion  can  be  reduced  up  to  50  or  60  percent  by  fi rehosing  or  hot-liquid- 
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jet  cleaning.  If  either  method  is  followed  by  one  scrubbing  with  a 
detergent  (C-120)  or  a  solvent  emulsion  cleaner  (C-147),  as  much  as 
75  or  90  percent  of  the  original  contaminant  can  be  removed.  Rain¬ 
storms  before  the  initial  decontamination  will  lower  these  percentages. 

6.  On  an  aircraft  that  has  been  subjected  to  washdown  during 
fallout,  the  amount  of  contamination  can  be  reduced  up  to  35  percent 
by  scrubbing  with  detergent  and  50  percent  or  more  by  scrubbing  with 
a  solvent  emulsion  cleaner. 

7.  On  aircraft  that  have  not  been  subjected  to  rainstorms  before 
decontamination,  the  maximum  efficiency,  considering  decontamination 
effectiveness  time  and  manpower,  is  obtained  by  using  one  firehose  or 
hot-liquid-jet  washing,  followed  by  a  thorough  scrubbing  with  detergent 
or  Gunk  solution. 

8.  A  more  complete  decontamination  can  be  effected  by  continued 
scrubbing  with  detergent  or  Gunk,  but  the  additional  percentage  re¬ 
moved  each  time  is  small. 

5.7  RECOMMENDATIONS 

It  is  recommended  that: 

1.  Further  study  be  done  on  the  effectiveness  of  the  washdown  sys¬ 
tem  on  stacked  aircraft,  preferably  on  a  carrier  employing  the  latest 
developments  in  washdown  equipment  which  includes  the  individual  "quick 
on  and  off"  nozzles  strapped  onto  the  aircraft,  as  well  as  nozzles  on 
the  carrier. 

2.  Thorough  study  be  made  of  the  material  damage  done  to  aircraft 
by  the  washdown  system  and  that  steps  be  taken  to  decrease  the  possibil¬ 
ity  of  such  damage.  For  example,  cockpit  covers  should  be  put  on  all 
aircraft  parked  on  the  flight  decks  and  small  "quickly  removable"  covers 
should  be  put  on  the  front  of  the  engine  cowling  of  propellor-driven 
aircraft.  Further,  ignition  leads  to  the  spark  plugs  should  be  made 
more  resistant  to  corrosion  and  the  effects  of  water. 

3.  The  following  optimum  procedures  be  tentatively  selected  to 
decontaminate  aircraft.  They  are  based  only  on  the  decontamination 
effectiveness  and  manpower  results  of  this  project  and  past  experience 
and  do  not  take  into  account  the  availability  of  equipment  or  supplies. 

The  procedures  followj 

To  decontaminate  an  aircraft  aboard  a  carrier 

A.  That  has  not  been  subjected  to  washdown 

(1)  Emergency  period,  to  be  ready  for  a  strike, 
a.  First  choice,  1  firehosing  (fastest). 

Second  choice,  1  hot  liquid  jet  washing  (most  effect¬ 
ive)  , 

(2)  Operational  period,  a  clean-up  for  future  operations. 

a.  First  choice,  1  hot  liquid  jet  washing  (most  effective). 
Second  choice,  1  firehosing  (fastest). 

b.  Scrub  with  uetergent. 

B.  That  has  been  subjected  to  washdown 

(l)  Operational  period,  a  clean-up  for  future  operations, 
a.  Scrub  with  detergent. 
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To  decontaminate  an  aircraft  on  land  (ashore) 

A.  That  has  been  subjected  to  washdown  or  operational  decontamin¬ 
ation 

(l)  Industrial  decontamination. 

a.  Scrub  with  Gunk. 

b.  Repeat  scrubbing  with  Gunk  until  cleared. 

B.  That  has  not  been  subjected  to  any  decontamination 
(l)  Industrial  decontamination. 

a.  First  choice,  one  hot-liquid- jet  washing  (most  effect¬ 
ive)  . 

Second  choice,  one  firehosing  (fastest). 

b.  Scrub  with  Gunk. 

c.  Repeat  scrubbing  with  Gunk  until  cleared. 

4.  The  rate  and  efficiency  of  decontamination  operations  be 
further  studied  and  that  work  be  done  to  develop  decontamination  methods 
and  equipment  readily  adaptable  to  the  tactical  situation.  Two  suggested 
areas  of  effort  are:  (1)  mechanical  scrubbing  equipment,  and  (2)  dev¬ 
elopment  of  more  effective  detergents. 

5.  A  military  exercise  be  planned  and  executed  in  which  a  carrier 
with  aircraft  on  the  flight  deck  is  contaminated  at  a  weapons  test  and 
reclaimed  and  put  back  into  action  using  military  personnel  for  most  of 
the  work.  This  exercise  should  simulate  conditions  similar  to  actual 
wartime  conditions  within  the  limits  of  radiological  safety. 

6.  A  training  program  based  on  the  best  current  information  be 
organized  to  train  the  appropriate  personnel  to  decontaminate  aircraft. 

7.  A  radiological  recovery  manual  for  aircraft  be  prepared. 


180 


CONFIDENTIAL 


Chapter  6 

SHIPBOARD  INTERIOR  CONTAMINATION 


N.  R.  Wallace  J.  0.  Sherwin 

F.  K.  Kawahara  J.  V.  Zaceor 

The  problem  of  radioactive  contamination  in  the  interior  of  two 
ships  subjected  to  fallout  from  a  thermonuclear  explosion  was  invest¬ 
igated  in  three  areas:  ventilation  cubicles  in  the  No.  3  holds,  mach¬ 
inery  space,  and  weatherside  areas.  One  ship  was  equipped  with  a 
washdown  systemj  the  other  was  not.  Measurements  were  made  of  the  aver¬ 
age  concentration  of  airborne  particulate  matter  and  of  the  radioactiv¬ 
ity  of  deposited  material  in  each  of  these  areas.  It  was  found  that  the 
average  airborne  activity  concentration  in  cubicles  ventilated  by  un¬ 
protected  duct  systems  was  on  the  order  of  0.02  percent  of  the  average 
weatherside  concentration  The  paper  filter  and  electrostatic  precipit¬ 
ator  ventilation  protective  devices  reduced  this  val'c  still  further. 

Data  are  presented  regarding  deposition  of  activity  inside  ventil¬ 
ation  and  boiler  air  ducts  and  on  deck. 

6.1  BACKGROUND 

Few  experiments  have  been  performed  to  obtain  information  relat¬ 
ing  to  the  radiation  hazard  to  personnel  in  below-deck  spaces  resulting 
from  an  atomic  or  nuclear  explosion.  Operation  Crossroads  exposed  a 
number  of  ships  to  the  base  surge  of  an  underwater  atomic  burst.  Studies 
of  these  ships  yielded  an  estimated  airborne  activity  level  of  1  c/cu  ft 
of  air  at  1  minute  after  the  shot  (Reference  12).  The  USS  CRITTENDEN, 
one  of  the  ships  present  at  Crossroads,  was  examined  1  1/2  years  after 
the  shot  for  ventilation  duct  contamination  (Reference  13).  The  activ¬ 
ity  which  must  have  entered  .he  ventilation  system  at  the  time  the  base 
surge  reached  the  CRITTENDEN  was  calculated  to  be  about  370  c  of  beta. 

Of  this  activity.  Iff*  e  was  in  a  respirable  particle  size  range  (<  5  p)« 
No  estimate  was  made  of  activity  per  cubic  foot  of  air  because  this 
ventilation  system  was  not  operated  during  or  after  the  test.  Howeve1*, 
it  was  stated  that  th°  after  engine  room  would  have  drawn  in  enough 
active  aerosol  to  immobilize  and  kill  the  occupants  had  the  ventilation 
system  been  operating. 

A  theoretical  treatment  nas  been  done  on  the  potential  hazard  tc 
personnel  in  boiler  rooms  from  gamma  radiation  through  boiler  air 
supply  ducts  and  from  leakage  of  respirable  material  through  boiler 
casings.  Tf  was  concluded  that  in  the  case  of  no  appreciable  deposition 
inside  the  ducts,  personnel  combat  effectiveness  would  not  be  reduced. 
However,  the  gamma- radiation  hazards  might  become  seriouB  it'  deposition 
were  significant. 

Similar  tneoretic&l  work  has  been  done  on  the  problem  of  contamin¬ 
ated  material  carried  into  ventilated  compartments  (Reference  14). 
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Two  cases  were  considered:  Case  1,  wherein  all  airborne  activity  settled 
on  the  floor  of  the  ventilated  compartment,  and  Case  2,  wherein  all  air¬ 
borne  activity  moved  through  the  space  without  deposition.  This  work  was 
concerned  with  ship  stay  times  in  the  cloud  or  base  surge  of  the  order 
of  minutes  within  minutes  after  the  burst.  Depending  on  the  entrance 
time,  stay  time  and  exit  time  from  the  cloud,  below-decks  doses  would 
range  between  1  to  7  percent  of  topside  doses  for  Case  1.  It  was  con¬ 
cluded  that  inhalation  hazard  would  have  no  immediate  effect  on  per¬ 
sonnel  for  Case  2. 

An  effort  has  been  made  to  simulate  base  surge  conditions  with 
cobalt  chloride  as  a  simulant  (Reference  15) •  It  was  found  that  cobalt 
chloride  concentrations  at  the  vent  terminals  in  the  ventilated  spaces 
ranged  from  15  percent  of  the  weathers id*>  intake  concentrations  when  the 
fans  operated,  and  to  about  0.2  to  1  rercent  when  they  did  not. 

Recently  there  was  investigated  a  circumstance  in  which  contamina¬ 
tion  was  carried  into  the  ventilation  systems  of  the  USS  PATAPSCO, 
which  at  the  time  of  fallout  was  considerably  outside  the  range  of  both 
physical  damage  and  base  surge  (Reference  16).  Although  the  exact  mag¬ 
nitude  of  the  fallout  was  not  determined ,  a  maximum  reading  of  4  rn/hr 
was  obtained  with  an  AN/PDR-8  at  H  /13  hr.  The  study  was  made  with  a 
survey  meter  between  18  and  25  days  after  the  shot  was  fired.  At  the 
time  of  measurement,  concentrations  of  1  to  18  d/m/cu  ft  were  found  in 
various  ventilation  ducts. 

In  general,  past  efforts  have  indicated  a  need  for  more  information 
c  .  the  behavior  of  ventilation  and  boiler  air  systems  in  permitting 
entrance  to  airborne  contaminants.  Operation  Castle  provided  an  oppor¬ 
tunity  to  study  the  characteristics  of  a  ship's  interior  contamination 
in  a  region  of  fallout  beyond  the  range  of  structural  damage  and  base 
surge. 


6.2  OBJECTIVE 

The  purpose  of  this  investiga t ion  was  to  determine  the  concentra¬ 
tion  and  distribution  of  radioactive,  airborne  -'rticulate  matter  in 
shipboard  ventilated  spaces  and  ^irerooms  res  •  ;  from  a  ship's  ex¬ 
posure  to  the  fallout  from  a  thermonuclear  exj:  '.'n.  Since  a  radio¬ 

active  aerosol  could  contribute  a  significant  proportion  to  the  overall 
personnel  hazard  aboard  a  ship  beyond  the  range  of  olast  damage,  special 
attention  was  given  to:  (l)  evaluation  of  the  following  countermeasures 
for  protecting  the  ship's  interior  against  the  Ingress  of  contend nation: 
washuown,  ventilation  duct  protective  devices,  and  firercom  vent  clos¬ 
ures;  (2;  time-of-arrival  and  intensity  measurements  of  the  radioactive 
aerosols;  (3)  collection  of  data  concerning  the  deposition  of  radio¬ 
active  material  in  the  test  systems;  and  (4)  existence  of  significant 
gamma  radiation  fields  originating  frcru  ventilation  and  boiler  air  ducts. 

6.3  EXPERIMENT  DISIGN 

Two  ships,  the  YAG  39  and  YAG  4C ,  were  modified  as  test,  ships  for 
Project  6.4.  The  YAG  39  was  equipped  with  a  washdown  system;  the 
YAG  40  was  not.  Complete  testing  was  planned  on1/  for  the  unprotected 
shin. 
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To  accomplish  the  objectives  of  the  project,  design  specifications 
for  the  shipboard  installations  were  determined  so  that  features  found 
in  combatant  ships  were  incorporated  in  the  test  ships,  as  well  as  suit¬ 
able  instrumentation.  Pertinent  features  of  the  installations  in  the 
ventilation  and  boiler  spaces  are  discussed  in  the  subsequent  sections. 

6,3.1  Ventilation  Spaces.  The  site  of  the  ventilation  tests  on 
each  ship  wa3  the  No.  3  hold  between  Frames  68  and  88,  Here  the  ven¬ 
tilation  intakes  were  forward  of  the  main  superstructure  where  airborne 
material  would  be  unobstructed  (Figure  6.1). 

The  between-deck  space  of  the  No.  3  hold  of  the  YAG  40  was  divided 
into  six  identical  cubicles,  16  by  25  by  10  feet.  These  compartments 
were  separated  into  two  groups  of  thiee  separated  by  a  passageway  along 
the  centerline.  Each  cubicle  was  complete  with  its  own  duct  system  and 
watertight  door  opening  on  the  passageway.  A  dockhouse,  33  by  20  by  8 
feet  was  built  on  the  main  deck  of  each  ship  directly  over  the  No.  3 
hold.  This  deckhouse  provided  an  enclosure  for  the  ventilation  intake 
ducts  which  protruded  through  its  top. 

The  YAG  39  arrangement  was  identical  to  that  of  YAG  40,  except 
that  only  tes+  Cubicle  II  was  built  into  tho  between-deck  space,  as 
shorn  in  Figure  6.4. 

After  consultation  with  interested  codes  from  BuShips  and  NRL 
personnel  who  had  previous  experience  in  shipboard  measurements  of 
airborne  particulate  natter,  the  following  concepts  were  agreed  upon: 

(1)  All  systems  would  be  designed  and  built  according  to  Navy 
specifications  for  the  volume  of  air  they  were  intended  to  carry.  They 
would  provide  adequate  flow  characteristics  for  volume  of  air  measurement 
and  sampling.  The  nominal  system  capacity  would  be  1000  cfm. 

(2)  Elements  common  _  Naval  systems  would  be  included  wherever 
possible  (see  Appendix  E),  All  systems  would  have  the  same  mushroom 
head  type  of  entrance. 

(3)  The  systems  were  to  be  as  closely  alike  as  possible  except  for 
on®  feature  in  each  which  was  to  be  compared  with  a  1000  cfm  "standard" 
system.  A  d’ipl'  tte  of  the  standard  system  would  be  installed  on  the 
YAG  39. 

(4)  The  test  situations  are  given  below.  Their  designation  by 
condition  number  is  used  thr  ughout  this  report. 


Conditions  for  YAG  40 

Effect  or  Device  Tested 

I 

2/3  speed  fan  operation,  670  cfm 

II 

standard  system,  100C  cfm 

III 

fans  off,  no  closures 

IV 

NRL  precipitron,  1000  cfm 

V 

Wire  mesh  or  standard  Navy  filter, 

1000  cfm 

VI 

ACC  paper  filter,  1000  cfm 

Conditions  for  YAG  39 

IIA 

effect  of  topside  washdown, 

1000  cfm 
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Condition  I,  YAG  40,  provided  a  test  of  the  protection  afforded 
to  a  ventilated  cubicle  when  the  fan  is  operated  at  low  speed.  Larger 
ventilation  systems  are  frequently  equipped  with  two-speed  fans  which 
can  be  adjusted  to  meet  climatic  conditions.  To  simulate  the  behavior 
of  a  two-speed  system  operated  at  two-thirds  of  maximum  flow,  single¬ 
speed  A1D1W5  fans  were  built  into  the  intake  and  exhaust  ducts  of 
Condition  I.  Since  these  fans  run  on  direct  current,  their  speeds  could 
be  adjusted  to  pass  670  cfm  through  the  test  cubicle. 

Condition  II,  YAG  40,  constituted  the  standard  system  and  had  the 
two-fold  purpose:  (l)  to  provide  basic  information  on  the  behavior 
of  a  contaminant  passing  through  a  shipboard  ventilation  duct  in  a 
region  of  fallout  and  (2)  to  act  as  a  standard  of  comparison  with  sys¬ 
tems  protected  with  a  radioactive  aerosol  countermeasure.  It  carried 
the  nominal  1000  cfm  and  was  heavily  instrumented. 

Condition  III,  YAG  40,  permitted  study  of  the  simple  expedient  of 
turning  off  the  fans  to  discourage  interior  contamination  under  radio¬ 
active  fallout  conditions. 

Condition  IV.  YAG  40,  contained  a  Westinghouse  precipitron  mounted 
in  the  duct  near  the  weatherside  intake.  Since  this  electrostatic  pre¬ 
cipitator  had  to  be  mounted  vertically  and  space  within  the  deckhouse 
diu  not  permit  such  an  arrangement,  a  dmall  blister  was  built  on  top  of 
the  deckhouse  to  enclose  the  unit,  Figure  6,7.  This  structure  was  dup¬ 
licated  on  YAG  39  to  maintain  topside  similarity  between  the  two  ships. 

Access  to  the  precipitron  for  cleaning  was  available  through  a 
watertight  cover  in  the  side  of  the  blister  and  through  a  hatch  to  the 
interior  of  the  deckhouse  below.  The  precipitron  power  pack,  impulse 
counter  to  determine  frequency  cf  arcing,  and  the  cumulative  running 
time  meter  were  installed  inside  the  deckhouse. 

The  right-angle  turn  made  by  the  air  exhausting  from  the  precipitator 
necessitated  the  addition  of  a  post-filter  (Farr  type  A4A4)  beneath  the 
precipitator  and  ahead  of  the  duct  bend,  to  straighten  the  airflow  through 
the  precipitron.  A  similar  pre-filter  which  normally  accompanies  the 
unit  was  installed. 

The  total  pressure  drop  through  thi3  air  cleaning  assembly  was 
sufficiently  small  (about  0.21  inches  of  water)  that  no  major  changes 
were  needed  in  the  ductwork  to  maintain  1000  cfm. 

Condition  V,  YAG  40,  contained  a  single  Farr  type  A4A4,  open  mesh 
filter  (2  by  22  ll/l6  by  23  5/8  inches)  installed  beneath  the  mushroom 
intake,  Figure  6.8B.  Otherwise,  it  was  identical  to  Condition  II. 

Condition  VI,  YAG  40,  contained  a  pleated  paper  filter  (Chemical 
Corps  Model  E-19)  mounted  in  a  manner  similar  to  that  of  the  Farr  filter 
in  Condition  V,  Figure  6.8A.  The  high  pressure  drop  of  this  filter 
(about  1  inch  of  water  at  1000  cfm)  necessitated  an  enlargement  of  the 
intake  duct  diameter. 

Condition  IIA,  YAG  39,  was  identical  in  relative  position  and 
physical  characteristics  to  Condition  II,  YAG  40.  It  was  intended  that 
a  possible  air-cleaning  action  of  the  washdown  water  on  YAG  39  could  be 
compared  with  the  other  protective  devices  on  YAG  40. 

For  comparison  among  systems,  it  would  be  desirable  to  have  all 
ducts  identical  in  flowrate,  shape,  length,  and  diameter.  However, 
difficulties  arose  when  attempts  were  made  to  meet  these  requirements. 

The  high-pressure  ,  op  of  the  paper  filter  in  Condition  VI  obliged  the 
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diameter  of  the  intake  duct  to  be  Increased  from  8  inches  to  9  1/2 
inches  to  maintain  a  flowrate  of  1000  efm;  thus,  the  air  velocity  in 
this  duct  was  lower.  Instrumentation  intensified  the  problem  of  maintain¬ 
ing  similarity.  Each  air  sample  taken  from  a  duct  necessitated,  wherever 
possible,  inclusion  upstream  of  a  minimum  length  of  straight  duct  7  1/2 
diameters  of  the  sampler.  This  length  of  duct  had  to  be  included  in  all 
the  other  systems,  regardless  of  the  presence  or  absence  of  a  sampler. 

Figures  6.2  through  6.8  show  the  components  of  the  systems  as 


Figure  6.2  Plan  view  of  the  top  of  the  deckhouse  on  the 
YAG  40. 

they  were  installed.  Appendix  E  gives  pertinent  flow  characteristics  and 
material  details. 

6.3.2  Boiler  Systems.  The  existing  boiler-air  systems  on  the  test 
ships  were  in  no  way  comparable  to  those  on  combatant  ships,  and  although 
extensive  modifications  were  not  feasible,  similar  minor  modifications 
were  made  on  each.  Special  attention  wa3  given  the  boiler-air  and  gas 
casings  to  the  extent  that  all  plates  were  straightened  and  new  gaskets 
installed  giving,  within  normal  boiler-making  practice,  air-  and  gas- 
tight  casings. 

The  principal  similarity  to  combatant  ships  was  a  closed  air  sys¬ 
tem,  air  intakes,  and  uptake  space.  Principal  features  of  dissimilar¬ 
ity  to  combatant-ship  systems  were  low  air  capacity  and  velocity,  type 
and  location  of  blower,  and  path  of  air  from  blower  to  boilers. 

Figure  6.9  shows  a  schematic  arrangement  of  the  boiler  systems. 

The  firing  aisle  lies  between  the  two  boilers  at  floor-plate  level.  The 
engine  and  machinery  space  lay  aft  of  the  boilers.  There  were  no  parti¬ 
tions  between  the  fireroom  and  engine  room. 

For  test  purposes  and,  also,  to  insure  a  noncontarainated  machinery 
space  for  operating  purposes,  the  air  supply  to  the  boilers  was  fully 
enclosed,  and  all  vents  at  the  weather  intakes  were  closed.  Enclosure 
of  the  air  supply  was  accomplished  by  providing  louvered  air  intakes 
in  the  outer  stack  above  the  superstructure,  closing  the  opening  be¬ 
tween  the  stack  bonnet  and  outer  stack,  and  sealing  all  openings  in  the 
boiler  fidley  through  the  superstructure  to  the  top  of  the  boiler  space- — 
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where  a  deck  was  installed,  forming  a  space  above  roughly  comparable  to 
the  uptake  space  on  a  combatant  ship.  The  forced  draft  blower,  located 
at  the  lower  level  beside  the  starboard  boiler,  was  enclosed  in  a  sheet- 
metal  housing  and  an  air  duct  was  installed  from  the  uptake  space  to  the 
forced-draft  blower  housing. 

Total  discharge  from  the  forced-draft  blower,  which  was  unaltered, 
was  delivered  to  the  space  below  the  starboard  boiler  at  the  starboard 


Figure  6.3  Plan  view  of  the  main  deck  level  inside  the 
deckhouse  on  the  YAG  ^0. 
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Figure  6.4  Plan  view  of  test  cubicles  in  the  No.  3  hold 
of  the  YAG  40. 

aft  comer  and  thence  to  the  burners  at  the  front  of  the  boiler  and  to 
the  apace  below  the  port  toiler  by  a  duct  between  the  two  boilers. 

The  principal  instrumentation  requirement  affecting  the  system 
dealer  was  the  need  for  a  straight,  duct  section  of  7  1  /?  diameters  ahead 
of  the  forced  draft  blower  for  sampling  and  flow  rate  measurements. 
Pertinent  flow  data  are  given  ir.  Appendix  E. 

6.3-3  Data  to  be  Obtained.  Data  were  to  be  obtained  not  only 
from  the  two  test  areas  ,)ust  diecussed  but  also  from  the  weatherside  of 
each  ship.  Obviously,  information  acquired  in  below-deck  spaces  would 
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Figure  6.5  Elevation  of  a  typical  ventilation  intake  duct. 

depend  to  a  considerable  extent  on  the  type  of  radioactive  fallout  to 
which  the  teat  vehicles  were  exposed. 

Data  considered  pertinent  to  the  study  of  Interior  contamination 
were:  (l)  total  activity  carried  into  the  belov-ueck  spaces  through 
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Figure  6.6  Elevation  of  typical  exhaust  duct. 


Figure  o,7  Elevation  of 
nil  the  YAG  40. 


the  intake  duct  of  Condition 
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Figure  6.8  Elevation  of  veatherside  intake  ducts  of 
Conditions  V  and  VI  on  the  YAG  ^0. 


the  ventilation  and  boiler  air  supply  ducts  and  the  fraction  of  this 
activity  that  was  again  exhausted  to  the  atmosphere;  (2)  activity  per 
unit  volume  of  air  carried  into  below-deck  spaces  as  a  function  of  time 
and  activity  per  unit  volume  of  air  exhausted  from  the  spaces  as  a 
function  of  time;  (3)  activity  per  unit  volume  of  air  above  decks  near 
the  veatherside  supply  intakes  of  the  boiler  air  and  ventilation  ducts 
as  a  function  of  time;  (4)  reduction  of  airborne  activity  concentrations 
as  a  function  of  distance  in  passing  through  the  boiler  air  and  ventila¬ 
tion  supply  ducts;  (5)  average  particle  size  distributions  of" the  active 
airborne  particulates  above  decks  and  in  the  spaces  belcw  decks;  (6) 
radioactivity  of  deposited  material  in  such  specific  areas  as  the  inside 
surfaces  of  air  ducts  and  the  interior  surfaces  of  test  spaces  below 
decks;  and  (7)  contribution  made  to  the  total  gamma  field  intensity  in 
the  teat  spaces  by  activity  deposits  within  the  ducts  and  cubicles. 

A 8  a  general  rule,  activity  measurements  within  ducts  or  measure¬ 
ments  on  samples  taken  from  ducts  were  made  by  gamma  counting.  Measure¬ 
ments  made  within  the  test  spaces  included  counting  both  the  beta  and 
gamma  activities.  This  practice  permitted  comparison  of  activity  levels 
in  various  test  areas  on  the  basis  of  gamma  counts  without  precluding 
a  subsequent  estimate  of  the  biological  hazard  from  beta  activity  in 
the  cubicles. 


6.4  INSTRUMENTATION 

For  convenience,  each  ship  was  divided  into  three  separate  areas  of 
investigation,  because  particular  instruments  and  the  kind  of  information 
they  provided  were  often  peculiar  to  these  areas.  The  separate  areas 
were:  the  test  cubicles  and  their  ventilation  ducts;  the  machinery  spaces 
and  the  boiler  air  ducts;  and  the  ship's  veatherside.  Operational  dif¬ 
ficulties  made  this  separation  more  distinct  in  that  intercomparison  of 
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data  from  the  three  areas  was  frequently  compromised  by  the  different 
kinds  of  sampling  or  measurement  bias  associated  with  each. 

6.4,1  Measuring  Devices.  A  continuous  air  sampler  was  designed 
to  collect  particulate  matter  on  a  continuous  filter  atrip  to  record 
concentration  of  airborne  activity  with  time.  It  basically  constituted 
a  constant- flow,  positive-displacement  suction  unit  (Reference  IT) 
drawing  air  from  the  sampler  case,  which  admitted  air  through  the  small 
end  of  a  diffuser  cone  placed  just  ahead  of  the  moving  filter  strip. 
Wherever  possible,  the  intake  air  velocity  was  isokinetic  with  respect 
to  the  ambient  airstream.  The  diffuser  cone  was  lined  with  coppe-  foil, 
which  could  be  removed  and  counted  so  that  airborne  material  depositing 
inside  the  cone  could  be  accounted  for  in  the  analysis  of  the  filter 
strip. 

The  dimethylterephthalate  (DMT)  particle  collector  was  used  to 
augment  data  on  the  average  activity  per  unit  volume  of  air.  Hie  sampler 
consisted  of  a  sampling  head  with  a  removable  cylindrical  intake  4  in. 
in  diameter  and  4  in.  long  leading  to  the  main  body,  which  was  tapered 
conically  to  a  standard  1-in.  male  pipe  fitting.  This  in  turn  was 
connected  through  standard  pipe  fittings  to  a  constant  volume  suction 
unit.  The  sublimable  crystalline  filter  medium  was  packed  in  a  fairly 
tight  disc-shaped  planchet  4  in.  in  diameter  and  3/8  in.  thick.  This 
planchet  was  held  between  two  screens  of  wire  mesh  (No.  100)  to  allow 
free  flow  of  air  through  the  filter  material  and  yet  maintain  its  shape. 

'  Hie  power  supply  and  sampling  period  was  the  same  as  for  the  continuous 
air  sampler. 

Hie  molecular  filter  particle  collector  was  designed  to  obtain 
samples  for  size  frequency  distribution  measurements  of  active  particles 
and  was  eventually  used  to  provide  data  on  the  average  activity  per  unit 
volume  of  air.  This  sampler  was  similar  to  the  DMT  sampler,  except  a 
molecular  filter  was  used  in  place  of  the  planchet  of  DMT  and  a  cylindrical 
intake  O.56  in.  long  was  substituted  for  the  4- in.  one.  In  addition, 
each  station  had  two  collecting  heads  with  a  volume  sampling  ratio  of 
30  to  1  controlled  by  a  metering  orifice  built  into  the  low- volume  head. 

The  heads  were  mounted  on  opposite  ends  of  a  T-shaped  pipe  fitting 
separated  a  distance  of  21  to  22  in.  The  head  assembly  was  positioned 
at  approximately  a  head  level  of  ^  ft.  when  coupled  directly  to  the. 
constant  volivne  suction  unit. 

The  duct  sections  were  removable  pieces  (4  by  6  in. )  of  the  ventila¬ 
tion  and  boiler-air- supply  ducting  having  a  similar  galvanized  surface 
and  the  same  curvature  as  the  ducts  themselves.  In  the  upper  regions 
of  the  boiler-air  intake,  where  the  walls  of  the  ducts  were  flat,  surface 
samples  (4  by  6  In.)  were  glued  to  the  inside  faces  at  specified  intervals. 
The  duct  sections  were  held  tightly  in  place  by  a  backing  plate  with  a 
cushion  of  foam  rubber  (Figure  6.10).  Each  of  these  sections  had  the 
same  surface  area  to  facilitate  comparison  of  activity  counts.  These 
sections  provided  data  for  estimating  the  external  hazard  in  the  vicinity 
of  the  ducts  due  to  deposition  of  activity  along  their  inner  surfaces 
and  for  determining  deposition  patterns  of  particulate  matter  thrown 
out  by  an  airstream  passing  through  the  ducts.  In  addition,  a  comparison 
of  the  duct  sections  from  the  stations  located  near  the  tips  of  the  air- 
sampler  cones  indicated,  by  the  degree  of  uniformity  in  the  activity 
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Figure  6.10  Typical  duct  assembly. 


194 

CONFIDENTIAL 


deposited,  the  effect  of  gravity  and 'transitional  flow  at  the  elbow  on  the 
representativeness  of  the  air- sampler  collection  at  that  point. 

Multirecord  temperature  recorders  were  installed  at  a  central 
location  on  the  two  test  shipB.  Temperature -sensitive  resistance  bulbs 
were  located  at  air- sampling  stations  throughout  the  firerooms,  ventilated 
cubicles,  and  above  leeks. 

Pressure- differential  recorders  were  set  up  to  record  the  static- 
pressure  differences  in  air  ducts.  Bellows- type  diaphragms  were  used 
as  the  pressure- sensitive  elements  in  these  recorders  to  eliminate  the 
influence  of  ship  motion. 

A  record  was  also  made  of  barometric  pressure  and  humidity  on  the 
TAG  40. 

Detailed  descriptions  of  the  sampling  devices  are  given  in  Appendix 
D. 


6.4.2  Installations  in  the  Ventilation  Systems*  Hie  extent  of  the 
installation  of  sampling  devices  in  the  ventilation  systems  of  the  test 
ships  is  shown  in  Table  6.1. 

The  air  samplers  in  the  ventilation  systems  were  inetalled  on  towers, 


TABLE  6.1  INSTRUMENTATION  IN  VENTILATION  CUBICLES^ 


Sampling  Devices 

Number  of  units 

YAC  1*0 

YAG  39 

Cond.  I 

Cond. Ill 

Cond. Ill 

Cond .  1 V] 

Cond.V  | 

Cond. VI 

Cond.IIA 

(b) 

Air  samplers 

2 

5 

1 

1 

1  ' 

1 

2 

( sampling  from 

1 

i 

air  in  cubicle) 
l 

Molecular  filters^ 

1 

i 

i  ! 

1 

1 

1 

1 

Temperature  recording 

1 

i 

i 

1 

1  j 

1 

1 

elements 

1 

Flow  recording 

1 

i 

i 

1 

1 

1 

1 

ins trumenta 

Ganma-time  intensity 

1 

i 

i 

1 

1 

1 

1 

chambers 

Duct  sections 

25 

uo 

_ 1 

13 

9 

9 

9 

23 

(•)  Exact  location  of  each  air  sampler  and  duct  section  with  respect 
to  the  duct  from  which  it  samples  ii  given  in  Section  6.6. 


(b)  One  auction  unit  attached  to  each  unit. 

located  at  elbows,  in  Buch  a  manner  that  the  cones  projected  upstream 
past  the  elbow  a  minimum  distance  of  one  duct  diameter  to  reduce  the 
effects  of  the  elbow  on  the  flow  at  the  sampling  point.  The  cones  entered 
the  ducts  through  a  rubber  diaphragm  made  by  stretching  a  section  of 
innertube  over  the  hole  in  the  elbow  (Figure  6.11). 

Four  adjustment  bolts  on  the  air- sampler  mounting  afforded  a  means 
of  aligning  the  axis  of  the  cone  with  the  axis  of  the  duct.  The  cones 
for  all  samplers  were  cut  off  to  present  the  proper  Intake  area  for 
isokinetic  sampling  wherever  sampling  was  from  a  moving  airstream  Where 
sampling  was  from  a  large  enclosed  space,  cones  were  cut  off  to  present 
the  maximum  intake  area  and  still  retain  the  desired  feature  of  channeling 
the  air  against  the  moving  filter-paper  strip. 
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Figure  6.11  Schematic  of  typical  short  type  continuous 
air-sampler  installations. 


The  short  sampler  used  throughout  the  ventilation  system  was  designed 
to  occupy  as  little  horizontal  space  as  possible.  The  long  runs  of 
ventilation  ducting  required  for  air  straightening  left  little  room 
between  the  elbows  and  the  bulkheads.  Furthermore,  it  was  necessary  to 
eliminate  turns  in  the  airstream  once  it  had  entered  the  cone  to  minimize 
loss  of  particulate  natter  to  the  sides  of  the  entrance  cone.  Consequently, 
all  continuous  air  samplers  collecting  from  specific  parts  of  the  ducts 
were  mounted  behind  elbows. 

Each  cubicle  contained  at  least  one  air  sampler  located  at  the  first 
elbow  of  the  exhaust  duct  except  the  cubicle  for  Condition  III,  In  which 
the  sampler  was  mounted  off  the  deck  near  the  center  of  the  space.  The 
exhaust-duct  samples  were  intended  to  act  as  indices  of  the  airborne 
particulate  concentration  in  each  cubicle  The  standard  system  contained 
four  samplers  in  the  intake  duct  spaced  behind  the  first  and  second  elbows, 
the  fan,  and  the  combination  heater,  in  addition  to  the  exhaust-duct 
sampler.  This  arrangement  permitted  a  thorough  Btudy  of  the  change  in 
concentration  of  the  airborne  matter  passing  through  the  duct.  Cubicles 
for  Condition  IIA  and  Condition  I  each  contained  a  sampler  at  the  first 
elbow  of  the  intake  duct,  In  addition  to  the  exhaust  duct  sampler,  for 
comparison  with  the  equivalent  sampler  in  Condition  II. 

The  suction  units  for  the  air  samplers  were  distributed  arbitrarily 
in  the  cubicles  cosmensurate  with  the  requirement  that  they  be  within 
10  ft  (one  hose  length)  of  the  air  samplers  they  serviced. 

Each  of  the  seven  cubicles  contained  one  molecular  filter  holder 
attached  to  and  supported  by  its  own  suction  unit.  These  collectors 
were  placed  near  the  centers  of  the  cubicles  to  reduce  possible  distortion 
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of  the  airborne  particle  populations  near  bulkheads,  but  their  horizontal 
axes  were  randomly  oriented. 

The  center  of  each  cubicle  was  occupied  by  a  gamma  time- intensity 
detector.  Duct  sections  in  Conditions  IIA  and  II  were  intended  for 
primary  deposition  measurements-  Duct  sections  were  placed  in  the  other 
systems  for  comparison  with  Condition  II.  Where  duct  section  stations 
occurred  in  straight  runs  of  ducting,  a  minimum  of  two  sections,  one  top 
and  one  bottom,  were  placed  diametrically  opposite  each  other.  In  some 
cases,  as  in  Condition  II,  as  many  as  four  sections  were  located  at  each 
station  to  give  a  more-complete  coverage  of  the  inner  surface  of  the 
duct.  Duct  sections  are  shown  as  black  rectangles  in  Figures  6.4,  6.5, 
and  6.7,  and  exact  locations  with  dimensions  are  given  in  Figures  6.15 
and  6.16. 

An  air- sampler  installed  in  the  exhaust  of  one  of  the  cubicles  is 
visible  in  the  right  background  of  Figure  6.12.  Its  suction  unit  and 


Figure  6.12  Typical  air  sampler  and  suction  unit 
arrangement. 


that  for  a  molecular  filter  collector  also  appear  without  their  protective 
covers.  The  center  of  the  figure  is  occupied  by  a  gamma  time- intensity 
detector. 


6.4.?  Installations  in  Boiler  Systems.  Sampling  of  boiler  air 
and  sampling  in  the  firerooo  spaces  presented  difficult  problems.  The 
high  concentrations  of  flyash  and  general  background  dirt  caused  inordinate 
filter  loading.  Since  high  ambient  air  temperatures  handicap  the  opera- 
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tion  of  electric  notors  and  pumps,  both  suction  units  and  continuous  air 
samplers  were  susceptible  to  damage  by  the  fire room  temperatures. 

Since  sample  recovery  from  the  boiler-air  suction  units  was  planned 
and  because  their  locations  vere  not  dependent  on  those  of  the  continuous 
air  samplers  or  molecular  filters  they  serviced,  all  the  units  vere  grouped 
together  in  a  special  refrigerated  box  aft  of  the  forced  draft  blcwer  in 
the  bottom  level  of  the  fireroom  of  each  ship.  1^-in.  galvanized  pipe 
ran  from  the  refrigerated  box  to  each  air  sampler  and  molecular  filter 
location.  Since  the  suction  unit  adjusted  automatically  to  variations 
in  pressure  drop  ahead  of  the  pump,  variations  in  length  of  intake  pipe, 
within  reasonable  limits,  did  not  affect  the  rate  of  flov  of  air  through 
the  sampler. 

Suction  units  which  pulled  air  through  samplers  located  in  the 
boiler  ducts  exhausted  the  air  into  the  duct  downstream  of  the  last 
sampler;  vhere  the  sampler  was  located  in  the  fireroom,  the  sampled  air 
was  exhausted  back  into  the  fireroom.  These  precautions  were  taken  to 
avoid  interference  with  boiler  casing  air  leakage  since  the  auction  units 
were  capable  of  pumping  60  cfm  into  the  fireroom  against  a  pressure  drop 
of  8  in.  of  mercury. 

For  the  most  part,  continuous  air- samplers  were  located  throughout 
the  fireroom8  and  boiler  ducts  in  regions  of  unavoidably  high  temperatures. 
Since  individual  refrigeration  systems  would  make  sample  recovery  too 
slow  under  circumstances  vhere  speed  was  essential,  the  long-type  air 
samplers  were  designed  around  temperature-resistant  components:  glass- 
wound  motors,  asbestos  gaskets,  silicone-rubber  seals  ard  high- temperature 
grease. 

The  lack  of  convenient  bends  in  the  boiler-air  ducts  required  the 
entire  sampler  be  placed  inside  the  duct  to  meet  the  conditions  of  a 
straight  sampling  intake.  The  long,  narrow  case  design  presented  a 
minimum  frontal  area  to  the  airstream.  To  simplify  the  construction  of 
these  machines  and  the  recovery  of  samples  from  them,  the  long-type 
sampler  was  used  throughout  the  boiler  systems. 

Air- sampler  locations  in  the  boiler  ducts  and  firerooms  of  TAG*  39 
and  YAG  Uo  are  shown  with  dotted  lines  at  the  various  stations  in 
Figure  6.9.  Starting  at  the  first  sampler  upstream  in  the  duct,  the 
following  sampler a  are  shown  for  the  TAG  40: 

1.  Air  sampler  beneath  fidley  or  uptake  apace:  Body  of  the 
sampler  was  in  the  fireroom  above  the  port  boiler.  The  cone  protruded 
vertically  upward  through  the  duct  and  turning  vanes  to  collect  a  sample 
as  the  air  entered  the  duct.  The  air  temperature  next  to  the  sampler 
was  nearly  20C°F  under  closed  fireroom  conditions. 

2.  Air  sampler  ah^ad  of  forced  draft  blower  or  fan:  Entire  unit 
was  mounted  centrally  in  tne  duct  with  the  axis  of  the  cone  parallel 
with  the  axis  of  the  duct.  Access  was  obtained  through  a  panel  on  the 
lower  side  of  the  duct  just  above  the  blower  housing. 

3-  Air  sampler  in  e*- ’-board  vindbox:  Sampler  lay  on  the  floor 
cf  the  vindbox  beneath  the  floorplate  level.  The  cone  pointed  upstream 
toward  the  fan  housing.  This  unit  was  destroyed  by  salt  water  corrosion 
after  Shot  1  when  the  vindbox  becaaa  flooded 

4.  Air  sampler  in  duct  connecting  boiler  vindboxee:  arrangement 
wag  similar  to  Item  3  in  that  the  sampler  lay  on  its  aide  with  the  cone 
pointing  upstream. 
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5.  Air  samplers  at  top  of  stack:  Since  the  exhaust  stack  vas 
divided  down  the  middle  to  provide  a  separate  exhaust  for  each  boiler, 
two  air  samplers  were  stationed  side  by  side  at  the  top  of  the  stack. 

Both  pointed  vertically  downward.  Neither  operated  satisfactorily  and 
were  abandoned  after  Shot  1  (see  Appendix  X).  The  suction  units  for 
these  samplers  were  weatheraide  of  the  flying  bridge. 

6.  Air  sampler  between  boilers:  Supported  by  a  tower  about  7i  ft 
off  the  floor  plates  of  the  firing  aisle.  The  sampler  was  located 
centrally  between  the  two  boilers  and  was  the  only  unit  which  was  intended 
to  collect  a  time  differentiated  sample  from  the  fireroom. 

Of  the  samplers  described,  only  two  were  duplicated  on  YAG  39- 
These  were  the  sampler  ahead  of  the  blower  and  the  one  in  the  fireroom 
between  boilers. 

All  the  units  in  the  air  ducts  or  collecting  from  the  ducts  on 
YAG  40  were  meant  to  determine  the  loss  of  airborne  activity  between 
various  sections  of  the  boiler  system  which  were  instrumented,  whereas 
the  samplers  in  the  firerooms  of  both  ships  were  primarily  intended  for 
a  determination  of  the  airborne  activity  concentrations.  The  continuous 
air  sampler  ahead  of  the  blower  in  the  intake  duct  of  YAG  39  was  installed 
for  a  comparison  of  the  washdown  countermeasure  with  the  unprotected 
YAG  40  system. 

One  molecular  filter  particle  collector  was  located  in  the  boiler 
room  of  each  ship  between  the  boilers  about  1  ft  from  the  air- sampler 
towers.  The  sampling  heads  were  oriented  at  random.  These  particle 
collectors  were  to  furnish  samples  for  particle- size-distribution 
studies  but  could  also  be  used  for  estimating  an  average  activity  per 
unit  volume  of  air.  However,  the  filters  loaded  with  flyash  so  rapidly 
that  flow  rate  through  the  sampling  heade  dropped  almost  to  zero  within 
20  min  after  suction  was  started. 

Duct  sections  were  placed  circumferentially  at  chosen  locations 
around  the  boiler-air- supply  ducts  of  the  two  ships.  Surface  samples 
were  glued  to  the  inside  surfaces  of  the  fidley  spaces.  No  duct 
section  installations  were  made  downstream  of  the  forced-draft-blower 
housing  (see  Figure  6.17  through  6.19). 

6.4.4  Weatheraide  Installations .  Weatherside  instrument  locations 
are  shown  in  Figured.  1,  Primary  interest  lay  in  collecting  samples 
near  the  intakes  to  the  various  below-deck  spaces.  This  objective  was 
compromised  on  TAG  39,  where  the  Instruments  were  mounted  on  the  king¬ 
posts  to  avoid  the  washdown  spray. 

Three  long- type  air  e**jplers  with  normal  temperature  components 
were  modified  for  outside  operation.  These  units  were  equipped  with 
tail  fins  and  pivot  mounts  to  keep  them  oriented  into  the  wind.  Two  of 
the  samplers  were  mounted  on  YAG  40,  one  on  the  port  side  of  the  top  of 
the  deckhouse  over  the  No.  3  hold  and  the  other  on  the  starboard  side 
of  the  flying  bridge  forward  of  the  stack.  Figure  6.13  shows  the  deck¬ 
house  sampler  closed  up  for  sampling  with  the  intake  cone,  suction  hose, 
and  power  cable  removed.  Figure  6.14  depicts  the  same  unit  opened  for 
recovery  or  maintenance.  Its  suction  unit  is  visible  in  the  background 
and  the  sampler  on  the  bridge  appears  in  the  top  center. 

The  third  air  sampler  vas  stationed  on  the  port  aide  of  the  No.  2 
kingpost  of  YAG  ?Q. 
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Figure  6.13  Typical  weathers ide  continuous  air-sampler 
installation. 

There  were  three  types  of  particle  collectors  located  on  the  exterior 
of  the  ships:  molecular  filters.  DMT  filters,  and  gummed  or  adhesive- 
coated  collectors  (deference  6).  One  molecular- filter  assembly  was  mounted 
near  each  veather3ide  air  sampler.  When  the  molecular  filters  were 
installed,  they  were  intended  only  for  collecting  particles  for  size 
analysis  and  individual  particle  studies.  Therefore,  no  effort  was  made 
to  orient  them  with  the  wind  or  to  protect  them  from  direct  fallout. 

It  was  later  found  that  particle- size  distributions  could  not  he  success¬ 
fully  derived  from  these  samples.  Furthermore,  this  method  of  exposing 
the  filters  did  not  permit  an  estimate  of  the  air  sampled. 

Tiie  two  DMT  collector  heads  were  located  on  the  top  of  the  flying 
bridge  of  TAG  bo  within  about  6  ft  of  each  other.  They  were  exposed 
only  to  Shots  4  and  5,  since  they  were  attached  to  the  two  suction  units 
previously  associated  with  the  unseccessful  attempt  to  collect  a  stack 
exhaust  sample.  One  DMT  collector  from  each  shot  was  used  to  obtain  an 
estimate  of  air  above  decks. 

Gummed  paper  collectors,  obtained  from  Project  2. pa  in  the  field, 
were  also  added  to  the  interior  contamination's  veatherside  assemblage 
of  collectors  after  Shot  2.  Three  of  these  collectors  were  exposed  on 
Shot  4  and  four  were  put  out  on  Shot  5. 
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Figure  b.lU  View  of  weatherside  air  sampler  opened  for 
recovery  or  maintenance 


6.5  OPERATIONS 

Of  the  four  shots  in  vhich  the  test  ships  participated,  only  Shots 
p,  H ,  and  5  provided  data  for  the  study  of  interior  contamination.  No 
samples  were  returned  to  NRPL  for  analysis  after  Shot  1.  Samples  from 
Shot s  2,  4,  and  5  arrived  a'  NFPL  aboit.  S  to  7  days  after  each  shot. 
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6.^.1  Instrument  Timing.  Prior  to  the  field  operation.  It  had 
been  planned  that  all  paver  driven  instruments  would  be  started  at  S*?hr 
nad  that  they  would  continue  operating  until  S46  hr. 

Since  It  was  Intended  to  start  all  Instruments  manually  Just  before 
debarkation,  a  master  switch  panel  was  established  on  each  ship  In  a 
readily  accessible  area.  Idie  test  areas  in  the  Ho.  3  holds  of  both  ships 
were  the  site  of  the  switch  panels  and  recording  instruments  for  each 
ship,  because  these  locations  were  close  to  most  of  the  instruments  and 
vere  fairly  unifor®  in  temperature  (about  80°P).  Power  for  sampling 
instruments  was  derived  from  two  60-kv  alternating- current  diesel  genera¬ 
tors  operated  in  parallel.  The  instrument e  were  wired  to  the  generators 
through  a  single  trunk  line,  which  contained  a  timer- controlled  circuit 
breaker .  ATEfioup:  tiHT  wapxere  vwr<fr  started-  -itiiirldmxiy-  art  about  y-  to 
10- sec  intervals  to  avoid  a  serious  voltage  drop  at  the  generators,  they 
vere  stopped  simultaneously  when  the  breaker  opened.  This  circumstance 
caused  a  difference  in  the  total  time  of  operation  between  the  first 
and  last  started  samplers  of  about  10  min.  This  difference  was  dis¬ 
regarded  in  the  treatment  of  the  results. 

The  test- cubicle  fans  were  connected  to  the  generators  through  a 
different  circuit,  which  was  not  equipped  with  a  timer  for  Shot  2.  The 
fans  continued  to  operate  until  the  generators  ran  out  of  fuel  at  an 
estimated  4  hr  after  the  instruments  shut  dcvn.  The  instruments  vere 
not  started  at  S-2  hr,  as  planned,  but  at  S-3i  hr. 

Shot  2  operation  demonstrated  that  the  8  hr  for  which  the  timer 
had  been  set  was  not  sufficient  for  the  instruments  to  span  the  entire 
time  of  fallout.  The  heavily  instrumented  TAG  40  was  Just  beginning  to 
get  significant  fallout  when  the  power  operated  instruments  shut  down. 

On  the  two  succeeding  shots,  the  timer  was  set  for  a  24- nr  instrument 
running  time.  Times  of  instrument  and  fan  operation  relative  to  shot 
time  are  given  in  Appendix  E. 

6.f.2  Mod  If 1 cat Iona  for  Shots  2,  4,  and  5.  Except  for  the  abandon¬ 
ment  of  three  air  sampler  stations  after  Shot  1,  Shot  2  operations  vere 
basically  unchanged  from  the  pretest  plans.  Two  stationary  filter  heads 
vere  put  in  place  of  the  stack  tip  air  samplers,  but  they  loaded  with 
flyash  and  vere  torn  during  Shot  2. 

Shot  4  operations  included  modifications  to  the  extent  of  reducing 
air- sampler  filter- paper  tracking  speeds  to  -oaks  possible  a  24-hr  sus¬ 
tained  run  without  exhausting  the  maximua  of  '  ft  of  filter  paper  in 
each  machine.  The  two  stationary  filters  at  the  top  of  the  stack  of  the 
TAG  bo  vere  abandoned,  and  their  auction  'nits  vere  used  with  DMT  filters. 
Adhesive- coated  fallout  collectors  vere  added  to  the  veathersi.de  instru¬ 
mentation.  In  addition,  a  timer  was  included  in  the  cubicle-fan  circuits 
of  TAG  40,  which  caused  all  fans  except  those  of  Condition  I  to  shut 
down  within  a  short  time  after  the  samplers  stopped. 

In.  preparing  for  Shot  o,  there  va 3  not  sufficient  time  to  fully 
instrument,  the  boiler  systems.  No  eurfa  o  samples  vere  placed  in  the 
uptake  spaces,  and  several  air  samplers  in  the  boiler  systems  were 
discontinued  for  th:B  shot. 
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6.6  ANALYSIS  AND  RESULTS 


Interpretation  of  much  of  the  continuous-air- sampler  data  and  all 
of  the  duct  section  and  surface- sample  data  depends  markedly  on  the 
location  of  the  collector  relative  to  the  duct  system.  It  is  convenient 
to  define  here  the  numbering  system  employed  for  identifying  the  sampling 
stations  for  which  data  will  be  presented  in  the  following  sections. 

Samples  which  were  not  taken  from  ducts  and  samples  which  are  better 
described  without  numbers  will  be  treated  separately. 

Figures  6.15  and  6.16  show  the  locations  of  continuous  air  samplers 
and  duct  sections  in  a  typical  ventilation  duct.  The  presence  of  an  air 
sampler  is  indicated  by  a  cone  pointing  upstream  and  oriented  in  the 
same  way  as  was  the  shipboard  installation.  Note  that  every  air- sampler 
station  shown  in  the  figures  was  not  occupied  by  an  air  sampler  in  all 
the  test  systems.  Reference,  is  made  to  an  air  sampler  or  air- sampler 
cone  collecting  from  a  ventilation  duct  as  "air  sampler  Condition  I  - 
Station  1,  YAG  4o." 

Duct-section  dimensions  given  in  the  figures  measure  from  the 
center  of  the  duct  sections.  Where  duct  sections  are  labeled  forward, 
aft,  starboard,  or  port,  reference  may  be  made  to  Figures  6.3  and  6.4 
for  the  orientation  of  the  duct  at  that  sampling  station. 

Duct  sections  and  surface  samples  in  the  boiler-air  systems  are 
numbered  consecutively.  Locations  and  dimensions  are  given  in  Figures 

6.17  through  6.19. 

Each  of  the  24  millipore  filters  listed  in  Table  6.2  are  numbered 
according  to  the  particle  collector  from  which  it  was  obtained.  In 
addition,  a  number  indicating  the  particular  shot  was  associated  with 
each  sample.  Thus,  Sample  121-5  would  be  the  molecular  filter  removed 
from  the  high-flcw  side  of  the  particle  collector  in  the  cubicle  of 
Condition  I,  YAG  40,  after  Shot  5- 

All  decay  corrections  applied  to  the  data  presented  herein  were 
derived  from  the  beta  and  gamma  decay  curves  reported  in  Reference  7. 

To  promote  ready  comparison  among  the  various  types  of  collectors,  all 
radioactivity  measurements  were  adjusted  to  the  common  time  of  S410  days. 

6.6.1  Analytical  Techniques.  Special  techniques  and  equipment  were 
developed  to  analyze  the  information  from  the  tests  in  terms  of  time 
distribution  of  airborne  activity,  average  activity  per  unit  volume  of 
air,  and  deposition  of  airborne  material.  Difficulties  in  analyzing  the 
continuous  air- sampler  filter- paper  strips  prevented  quantitative  results 
of  the  time  distribution  of  airborne  activity;  however,  characteristics 
of  the  fa] lout  arrival  are  evident  from  a  comparison  of  various  records 
of  activity  versus  time.  Because  quantitative  estimate  of  activity  per 
unit  volume  of  air  was  not  possible  from  the  continuous  air- sampler 
record,  the  millipore  and  DMT  filters  served  as  the  sources  for  determina¬ 
tions  of  this  quantity. 

6.6. 1.1  Time  Distribution  of  Airborne  Activity,  Air-Sampler  Graphs. 

In  investigating  the  time  distribution  of  activity  collected  on  the  air- 
sampler  filter  strips,  it  was  necessary  to  design  a  counting  mechanism 
which  would  give  a  continuous  record  of  the  activity  and  have  approximately 
the  same  resolution  as  the  sampler. 
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Figure  0.15 
stations, 


Air  sampler  and  duct  section  sampling 
Part  1. 
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Figure  6.1 6  Air  sampler  and  duct  section  sampling 
stations,,  part  2. 

The  analyzing  equipment  consisted  of  two  shielded  gamma  scintilla¬ 
tion  crystal  photomultiplier  units,  each  connected  into  a  UDE-9  scalar. 
There  scalars  in  torn  fed  into  two  late  meters,  the  combined  outputs  of 
which  were  recorded  by  an  Esterli ne-Angus  recorder.  The  two  gamma 
scintillation  crystals  were  mounted  side  by  side  in  a  line  perpendicular 
*  o  the  motion  of  the  f->  Iter- paper  strip  and  it3  protective  cover  and  wer 
shielded  in  such  a  manner  as  to  observe,  directly  oeneuth  them,  n  area 
approximately  6  in.  wide  and  3t  *n-  long.  In  addition,  aft^r  passing 
through  the  gamma  counter,  the  filter  strip  and  its  cover  were  separated 
and  each  was  fed  through  a  beta  counting  arrangement  which  employed  a 
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Figure  6.19  Duct  section  locations  in  the  boiler-air 
8y8 terns  of  the  YAG  39  and  YAG  40. 


TABLE  6.2  LOCATIONS  OP  PARTICLE  COLLECTORS  AND 
H3LECULAR  PILURS 


1 

j  Particle  Collector 
No. 

High-Plov 

Mllllpore 

Lov  Plow 
Mlllapore 
niter 

Ventilation  Cubicle* 

Condition  I,  TAG  1*0 

1 2 

121 

122 

Condition  II,  YAG  **0 

2 

21 

22 

Condition  III,  YAG  UO 

3 

31 

32 

Condition  IV,  YAG  1*0 

U 

kl 

kz 

Condition  V,  YAG  <*C 

/ 

51 

52 

Condition  VI,  YAG  **0 

6 

6i 

b2 

Condition  IIA.  YAG  39 

1 

U 

12 

Top  of  deckhouie,  YAG  40 

T 

71 

72 

Top  of  bridge,  YA C  '• Q 

8 

8l 

82 

Between  boiler*,  flreroc*  TAG 

9 

91 

92 

No.  2  k t ngjx'e t ,  YAG  39 

10 

101 

102 

B^tveen  boiler®,  YAG  39 

11 

111 

112 
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gas  flow  proportional  tube^  in  place  of  a  crystal  to  record  the  sum  of 
the  beta  activities  on  the  exposed  faces  of  the  filter  and  its  cover- 
strip.  It  was  intended  to  eliminate  beta  absorption  by  counting  both 
the  cover  strip  and  filter  paper  with  two  beta  proportional  counter  flow 
chambers  as  the  papers  were  unreeled.  An  additional  machine  for  counting 
and  recording  gamma  only  was  used  where  beta  activities  were  net  of 
interest.  A  block  diagram  of  the  counting  set  up  may  be  seen  in  Figure 
6.20. 

Teats  were  run  to  determine  . .  e  Maximum  paper  speed  at  which  the 


Figure  6.20  Schematic  of  continuous  air -sampler  strip 
analyzer. 

rate  meter  could  follow  the  e<  lar,  and  the  rate  meters  were  adjusted 
to  give  a  recorded  reading  on  tne  Esterline-Angus  identical  to  the 
counting  rate  of  the  scaler.  A  plot  of  the  counting  efficiency  as  a 
function  of  position  of  activity  on  the  filter  strips  was  made  to 
determine  the  relationship  between  the  recorded  activity  and  the  actual 
activity. 

In  operation  of  the  analyzing  equipment,  three  major  circumstances 
contrived  to  reduce  the  value  of  the  air- sampler  data  to  a  qualitative 
status.  It  was  difficult  to  determine  which  filter  strips  might  have 
intense  hot  spots  in  advance,  so  no  special  sequence  was  selected  to 
preclude  possible  contamination  of  the  counter.  As  a  result  of  this, 
plus  the  fact  that  the  strips  were  counted  9  to  16  days  after  their 

1  Developed  by  the  Nuclear  Chemistry  Branch  at  USNHDL. 
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respective  shots  vhen  most  of  them  had  decayed  to  an  intensity  cot-parable 
to  the  background,  it  was  not  possible  to  dissociate  background  from  the 
plots  of  activity  versus  time.  The  background  line  attached  to  -ach 
curve  is  considered  an  upper  limit  of  the  actual  background  in  ea?> 
Specifically,  the  shape  <  f  the  activity- veraus-time  curve  below  t.aj 
background  upper  limit  is  indeterminate.  The  parts  of  each  curve  in  this 
area  have  not  been  removed  in  order  that  no  suggestion  of  discontinuity 
in  the  activity  arrival  would  be  implied. 

The  rate  meters  received  their  pulses  from  the  fourth  decade  of  the 
scalar,  which  requires  103  counts  to  produce  a  single  pulse  in  the  rate 
meter.  Thus,  the  range  of  the  instrument  was  set  too  high,  and  the 
majority  of  the  Esterline-Anguo  Graces  from  the  filter  strips  were  less 
than  10  percent  of  full  scale,  except  for  an  occasional  hot  spot.  Finally, 
a  bad  connection  was  discovered  between  one  of  the  crystals  and  its 
scalar  long  e^+er  the  strips  had  been  counted  and  had  decayed  beyond  all 
further  chances  of  repeating  the  analysis;  a  recheck  of  the  rate  meters 
showed  that  the  recorded  Esterline-Angus  readings  were  a  peculiar 
unanalyzable  function  of  the  memory  of  their  PC  circuitry  for  the 
activity  already  passed  beyond  the  range  of  detection  by  the  crystal 
and  the  subsequent  activity  then  within  the  crystal's  range. 

A  sharp  increase  in  activity  was  evident  at  tne  end  of  each  graph. 

The  time  interval  over  which  this  increase  occurred  was  directly  pro¬ 
portional  to  the  speed  of  the  air- sampler  filter  strip  and  corresponded 
roughly  to  the  time  required  for  the  last  turn  of  filter  paper  on  the 
take-up  reel.  Since  this  activity  increase  obviously  resulted  from 
contamination  of  the  outermost  layer  of  filter  paper  during  sample 
recovery  operations,  the  contaminated  section  has  not  been  shown  on  the 
graphs  of  activity  versus  time. 

None  of  the  curves  obtained  from  the  passage  of  the  strips  under 
the  beta  probes  has  been  included  because  the  beta  data  were  considered 
unreliable.  The  gamma  activity  records  (Figure  6.22  through  6.27)  are 
presented  for  comparison  purposes  only.  They  are  not  intended  to  be 
quantitative.  No  graphs  obtained  from  Shot  2  are  included,  because  the 
air  samplers  shut  down  shortly  after  fallout  began. 

6.6. 1.2  Average  Activity  in  Unit  Volume  of  Air,  Molecular  and  DMT 
Filters.  Attempts  to  measure  particle  size  of  the  radioactive  material 
in  the  below-deck  spaces  failed,  because  of  the  low  activity  on  the 
molecular  filters  at  the  time  the  analysis  began.  Weatherside  millipore 
filters  indicated  the  presence  of  various  kinds  and  particulate  sizes 
of  radioactive  deoris.  In  general,  efforts  to  determine  the  size  range 
of  the  radioactive  aerosol  gaining  entrance  to  the  ships'  interior  pro¬ 
duced  only  the  suggestion  that  the  mean  particle  diameter  was  of  the 
order  of  1  p  or  less. 

The  molecular  filters  were  counted  in  a  Geiger  counter,  a  gamma 
scintillation  counter  and  a  4  tt -geometry  ionization  chamber.  The  last 
measurement  was  to  provide  a  correlation  between  the  scintillation 
counter  and  the  ionization  chamber  for  unu  counting  of  irregular  geo¬ 
metries  such  as  cone  liners. 

The  beta  counting  arrangement  consisted  of  a  Tracerlab  Model 
TCG-2  Geiger-Muller  tube  mounted  in  a  lead  castle.  The  scalar  was  an 
IDL  Model  161-G.  All  samples  were  counted  on  the  second  shelf,  except 
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Sample  102-4,  which  was  corrected  equivalent  to  a  second  shelf  count. 
Absorbers  when  used  were  placed  on  the  absorber  shelf.  The  millipore 
filters  were  too  large  (9.0  cm  diameter)  to  count  in  the  beta  counter 
without  being  folded.  Since  folding  would  increase  the  already  signifi¬ 
cant  self-absorption  of  the  samples,  snail  circular  pieces  were  cut  from 
the  filters  with  a  cork  borer.  These  pieces  were  counted  and  the  count 
extrapolated  to  the  area  equivalent  to  a  diameter  of  9-0  cm.  The  pieces 
counted  varied  in  diameter  from  0.453  cm  to  2.13  cm.  The  smaller  samples 
were  cut  from  the  highly  active  millipore  filters  taken  from  the  weather- 
side  stations.  Since  the  ratios  between  the  area  of  the  full-size 
molecular  filters  and  the  counted  samples  varied  between  18  and  390,  it 
is  possible  that  considerable  error  may  have  been  introduced  in  adjusting 
the  counts  to  an  area  equivalent  to  the  original  filter.  However,  radio¬ 
autographs  indicated  rather  uniform  dispersal  of  activity  over  the  filter 
faces.  Unfortunately,  the  rapidly  decaying  samples  did  not  allow  time 
for  the  counting  multiple  samples  from  a  single  filter. 

By  the  time  beta  counting  of  molecular  filters  had  begun,  the 
samples  obtained  from  Shot  2  had  decayed  to  background.  As  e  result, 
no  estimates  of  average  beta  concentrations  are  included  for  Shot  2, 

Gamma  counts  of  the  molecular  filters  were  obtained  by  placing  the 
entire  filter  on  the  floor  of  a  lead  castle  directly  beneath  the  scintil¬ 
lation  crystal.  These  counts  were  for  intercomparison  among  the  molecular 
filters  and  for  comparison  with  other  samples. 

DWT  filters  were  sublimed  at  reduced  pressure,  leaving  a  residue 
of  material  that  had  been  collected  during  the  field  sampling  (Eeference 
18).  The  bulk  of  the  residue  was  oil  from  the  Shot  4  sample  and  soot  or 
flyash  from  tie  Shot  5  collection. 

The  gamma  ionization  chamber  used  for  counting  these  samples  pre¬ 
sented  nearly  a  4 it  geometry  to  the  test  tube  containing  the  residue. 

A  tube  of  slightly  larger  diameter  than  the  test  tube  extended  into  the 
body  of  the  ionization  chamber  so  that  the  only  direction  not  sensitive 
to  the  sample's  radiation  was  that  of  the  entrance  tube.  Activity  was 
measured  in  millivolts.  Since  it  va3  intended  to  compare  the  DMT  filter 
residue  counting  rate  with  the  gamma  count  rates  of  the  molecular  filters, 
the  gansna  ionization  counter  was  calibrated  against  the  gamma  scintilla¬ 
tion  counter.  It  wag  necessary  to  assume  that  fracticnat ion  was  negligi¬ 
ble  within  the  vicinity  of  the  YAG  40.  Several  molecular  filters  were 
counted  both  the  ionization  chamber  and  the  scintillation  counter  so 
that  scintillation  counts  per  second  could  be  plotted  against  millivolts 
(Figure  F.14,  Appendix  2). 

Estimates  of  the  total  volume  of  air  drawn  through  the  molecular 
a..d  DMT  filters  were  made  on  the  basis  of  the  flow  record  taken  from  the 
suction  unit  associated  with  each  of  the  collections  (see  Appendix  E) . 

6.6. 1.3  Deposition  of  Airborne  Material;  Duct  Sections  and  Cone 
Liners.  The  scintillation  gamma  counter  (Figure  6.21)  referred  to 
above  was  composed  of  a  shielded  gamma  scintillation  crystal  photo¬ 
multiplier  unit  connected  to  a  UDE-9  scalar  The  crystal  could  "see" 
a  circle  7?  in.  in  diameter,  which  included  all  the  surface  of  the  duct 
sections.  In  tests  to  determine  the  counting  efficiency  as  a  function 
of  position,  it  was  found  that  the  efficiency  fell  off  with  distance 
from  the  center  to  a  minim  :n  ^  percent  of  «.hat  at  the  center  for 
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Figure  6.21  Scintillation  gaana  counter. 


the  extreme  corners  when  the  sample  rested  on  the  floor  of  the  castle. 

All  duct  sections  and  plates  from  the  boiler-air  intake  were  cotinted 
at  the  laboratory  12  to  18  days  after  each  shot.  This  delay  yielded 
relatively  low  readings  on  all  samples,  with  the  boiler-air  plates  being 
very  close  to  background.  After  all  the  samples  were  counted,  values 
were  corrected  for  decay  to  a  common  date  of  S*10  days  for  purposes  of 
comparison. 

Each  copper  foil  cone  liner  was  rolled  into  a  cylinder  3  in.  long, 
placed  in  a  plastic  test  tube,  and  counted  in  the  ionization  chamber 
described  earlier.  The  resulting  values  in  millivolts  were  transposed 
into  counts  per  minute  by  use  of  a  calibration  curve. 

One  cone  liner,  taken  from  the  weatherside  air  sampler  above  the 
deckhouse  of  YAG  10  after  Shot  5,  was  divided  into  a  number  of  smell 
pieces,  each  of  which  was  counted  under  the  Geiger  tube;  a  plot  was 
made  of  activity  versus  position  on  the  liner  (see  Appendix  E). 

6.6.2  Results  of  Measurements  in  the  Ventilation  Systems. 
Measurements  in  the  ventilation  systems  gave  evidence  or.  the  concentra¬ 
tion  of  airborne  activity  in  them,  the  effectiveness  of  ventilation 
coun  ermeasures,  and  the  extent  to  which  airborne  material  waB  deposited 
in  the  systems. 

6.6.2. 1  Concentration  of  Airborne  Activity.  Characteristics  of 
fallout  arrival  in  Condition  II,  YAG  Uo',  fcr  Shots  k  and  5  n^y  be  seen 
in  Figures  6.22  and  6.23.  A  gradual  decrease  in  activity  occurs  between 
Station  i,  directly  beneath  the  mushroom  intake,  and  Station  5,  in  the 
cubicle  exhaust.  The  shape  of  the  curve  of  activity  versus  time  is 
maintained  throughout  the  duct  for  both  shots.  The  differences  in  time 
ocarrence  ol'  a  particular  activity  peak  at  various  locations  in  the  duct 
probably  result  from  irregular  stretching  of  the  filter  strip  during 
sampling  and  analysis.  The  rmoother  appearance  of  the  curves  taken  from 
Stations  3  to  5  is  caused  by  the  slaver-  filter- paper  speed  in  the  samplers 
at  those  stations  (see  Appendix  E) . 

These  curves  indicate  that  the  concent --Tit1  on  of  radioactivity  in 
the  air  did  not  change  appreciable"  during  the  >.ii»e  the  air  samplers 
were  operating,  that  is,  until  about  midnight  of  the  .'hot  day.  Decay 
effects  were  significant  during  fallout,  however,  as  may  seen  in  the 
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Figure  6.22  Comparison  of  activity  concentrations  as  a 
function  of  time  at  SHO  days  for  Condition  II, 

YAG  40,  at  Shot  4. 
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Figure  6.23  Comparison  of  activity  concentrations  as  a 
function  of  time  at  SflO  days  for  Condition  II, 

YAG  40,  at  Shot  5. 
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difference  between  a  single  curve  corrected  to  S410  days  and  corrected 
point  by  point  to  time  of  arrival  of  activity  (Figure  E.7,  Appendix  E). 

Total  beta  activities  found  on  the  molecular  filters  from  the  test 
cubicles  are  given  in  Table  6.3  for  Shots  4  and  5-  The  separate  count 


TABLE  6.3  BETA  COUNT  RATES  OF  THE  MOLECULAR  FILTERS 
IN  THE  VENTILATION  SPACES  FOR  SHOTS  4  AND  5 


rates  of  the  high- flow  and  low- flow  filters  are  also  included. 

The  gamma  count  rates  of  the  same  molecular  filters,  plus  the  gamma 
count  rates  of  molecular  filters  exposed  during  Shot  2,  are  presented 
in  Table  6.4. 

Sample  42  is  missing  from  the  table,  because  the  low-flow  collecting 
head  of  particle  Collector  4  was  damaged  prior  to  Shot  2.  Subsequently, 
the  low- flow  head  was  closed  off,  and  all  the  sampled  air  was  drawn 
through  the  high- flow  head.  Since  the  suction  unit  for  particle  Collector 
4  failed  during  the  run  on  Shot  2,  not  enough  air  was  sampled  to  permit 
the  collection  of  a  measurable  quantity  of  radioactive  material. 

Each  of  the  suction  units  associated  with  molecular  filter  collectors 
and  continuous  air  samplers  was  equipped  with  a  flow  recorder.  The  air 
drawn  through  each  particle  collector  between  the  time  of  star*:  of  fall¬ 
out  and  the  time  of  pump  shut  off  has  been  estimated  on  the  basis  of 
\.hese  records  (sec  Appendix  E).  With  these  values  and  the  total  beta 
and  gamma  counts  of  the  molecular  filters,  the  average  activity  has  been 
derived,  Table  6.5- 

The  average  specific  activity  in  the  test  cubicles  for  Shot  2  are 
considerably  higher  than  the  corresponding  values  for  the  remaining  two 
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TABLE  6.4  QAMU  COUNT  BATES  OF  THE  MOLECULAR  FILTERS  II  THE 
VENTILATION  SPACES  FOR  SHOTS  2,  4  AND  5 


TABLE  6.5  ACTIVE  AEROSOL  CONCENTRATIONS  IN  BELOW -DECKS 
VEOTILATION  SPACES  TOR  THREE  SHOTS 
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shot.*.  There  are  two  possible  reasons  for  this  irregularity.  First, 
the  sampling  instruments  shut  down  before  the  fallout  reached  maximum 
intensity.  Although  the  particle  collectors  had  stopped  drawing  air 
through  the  filters,  the  filter  faces  were  still  exposed  to  material 
thrown  against  thenr  by  the  intake  duct  diffusers  and  to  airborne 
particulate  matter  settling  on  them.  Consequently,  the  quotient  of 
total  counts  per  minute  divided  by  total  cubic  feet  of  air  sampled  was 
exaggerated.  Secondly,  the  average  activity  derived  for  Shots  4  and  5 
was  estimated  from  the  sane  ratio,  but  the  total  volume  of  air  sampled 
was  much  larger  because  of  the  longer  sampling  time.  If  the  activity 
concentrations  were  considerably  lower  at  later  times  than  at  the  be¬ 
ginning  of  fallout,  the  average  values  for  Shots  4  and  5  would  be  re¬ 
duced  from  an  average  derived  from  a  collection  made  over  a  period  of 

1  or  2  hours  from  the  beginning  of  fallout.  The  continuous  air  samples 
do  not  support  this  latter  possibility,  and  poor  efficiencies  during 
Shot  2  of  Conditions  IV  and  VI  (Table  6.6)  favor  the  former  mechanism. 
Inconsistencies  are  evident  when  a  comparison  is  made  of  total  activ¬ 
ities  in  the  cubicles  for  different  shots  (Tables  6,3  and  6.4)  >  total 
activity  available  to  the  collectors  is  not  known,  and  time  of  complete 
cessation  of  airborne  activity  in  the  cubicles  is  unknown.  Therefore, 

it  is  not  possible  to  deduce  the  primary  mechanism  responsible  for  the  dev¬ 
iations  of  Shot  2  activity  concentrations.  While  it  is  feasible  to  com¬ 
pare  cubicle  activity  concentrations  for  the  same  shot,  a  comparison  of 
activity  concentrations  in  the  same  cubicle  for  Shots  2  and  4  or  Shots 

2  and  5  is  uncertain. 

6. 6, 2, 2 _ Effectiveness  of  Ventilation  Countermeasures.  Figures  6.24 

through  6.27  depict  the  relative  occurrence  of  airborne  activity  in  the 
exhaust-duct  samplers  for  Shots  4  and  5.  Note  the  almost  complete  absence 
of  the  1430  activity  peak  for  Shot  5  in  all  but  Conditions  II  and  V. 

This  peak  is  characteristic  of  all  the  Condition  II  stations  (Figure  6.23). 
Reference  to  Figure  6.27  a  comparison  of  Station  1  activity  levels  in 
Conditions  I,  II  ( YAG  40)  and  Condition  IIA  (YAG  39)  indicates  that  a 
small  1430  peak  occurs  in  Condition  I. 

It  is  also  interesting  that  the  concentration  of  activity  in 
Conditions  V  and  VI,  YAG  40,  slowly  increases  with  time  for  Shot  5. 

An  evaluation  of  the  various  geometries  and  protective  mechanisms 
can  be  made  from  the  results  in  Table  6.5.  Condition  II,  the  unprotected 
1,000  cfm  system  on  YAG  40,  was  the  standard  against  which  the  other 
systems  were  compared.  In  Table  6.6,  the  average  beta  and  gamma  count 
rates  for  Condition  II  have  been  normalized  to  1.0,  thereby  allowing  the 
average  values  of  activity  in  the  other  test  conditions  to  be  presented 
in  terms  of  percentages  of  Condition  II  values. 

A  comparison  is  not  made  between  Condition  II.  YAG  40,  and  Condition 
IIA,  YAG  39,  the  washdown  countermeasure.  Although  the  two  ships  were 
close  together  during  the  Shot  4  and  Shot  5  tests,  there  is  evidence 
that  there  were  significant  differences  in  total  exposure  of  the  ships 
to  fallout. 

It  Is  evident  that  the  airborne  radioactivity  in  Condition  II, 

YAG  40,  is  characteristically  less  than  that  in  Conditions  I,  III  and  V. 


1-Fang  continued  to  run  for  some  time  after  instruments  shut  off  during 
Shot  2 . 
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Figure  6.24  Comparison  of  Station  5  activity 

concentrations  at  Shot  4  as  a  function  of  time  at 
S!10  days  for  the  seven  conditions. 
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Figure  6.25  Comparison  of  Station  5  activity  concentrations 
at  Shot  5  as  a  function  of  time  at  SflO  days  for  the 
seven  conditions. 
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Figure  6.26  Comparison  of  Station  1  activity  concentrations 
at  Shot  4  as  a  function  of  time  at  8410  days  for 
Conditions  I,  II,  IIA. 


The  excess  of  continuous  air  sampler  cones  in  the  duct  elbows  must  have 
themselves  constituted  the  third  best  countermeasure  against  the  ingress 
of  airborne  activity.  In  general,  no  significant  reduction  in  the  con¬ 
centration  of  airborne  activity  was  obtained  by  reducing  the  flow  rate 
or  by  introducing  a  coarse-screen  filter  into  the  ventilation  duct 
system.  It  is  not  known  to  what  extent  the  particle  sizes  of  the  airborne 
material  and  the  shape  of  the  duct  intakes  influenced  this  result. 


6. 6. 2. 3  Deposition  of  Airborne  Material.  Results  of  activity 
measurements  on  the  cone  liners  are  given  in  Table  6.7.  Values  are 
presented  in  terms  of  gamma  counts  per  minute,  at  S  /  10  days.  There 
is  not  sufficient  accuracy  in  the  significant  figures  to  warrant  a 
comparison  among  the  test  cubicles  for  evaluating  the  countermeasures. 
The  more  important  circumstance  is  that  the  mechanism  of  deposition 
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TIME  OF  DAY  (HR  ) 


Figure  6.27  Comparison  of  Station  1  activity  concentrations 
at  Shot  ^  as  a  function  of  time  at  SflO  days  for 
Conditions  I,  II,  and  IIA. 

inside  the  cone  is  too  uncertain  to  allow  a  comparison  among  cone  liners 
without  a  knowledge  of  the  quantitative  collection  made  by  the  correspond¬ 
ing  air-sampler  filter  strips. 

Data  are  presented  in  the  bar  graphs,  Figures  6.28  through  6.34,  for 
the  duct  sections  taken  from  the  ventilation  ducts.  Station  numbers 
(Figures  6.15  and  6.16)  are  reproduced  along  the  bottom  of  each  chart 
and  again  at  the  top  beneath  a  schematic  line  drawing  of  the  particular 
duct  system.  This  method  permits  an  approximate  visual  relationship 
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TABLE  6.6  COMPARISON  OF  AEROSOL  CONCENTRATIONS 
IN  THE  TEST  CUBICLES  FOR  THREE  SHOTS 


TABLE  6.7  GAMMA  COUNTS  OF  CONE  LINERS  IN  VENTITLATION  SYSTEMS  FOR  THREE  SHOTS 


Location  of  Cone  Liner  from  Air 
Sampler 


Station  1  Condition  IIA,  YAG  39 
Station  5  Condition  IIA,  YAG  39 
Station  1  Condition  I,  YAG  Lo 
Station  5  Condition  I,  YAG  **0 
Station  1  Condition  II,  YAG  Lo 
Station  2  Condition  II,  YAG  LO 
Station  3  Condition  II,  YAG  to 
Station  L  Condition  II,  YAG  **0 
Station  5  Condition  II,  YAG  *»0 
In  cubicle  Condition  III,  YAG  to 
Station  9  Condition  TV,  YAG  10 
Station  5  Condition  V,  YAG  to 
Station  5  Condition  VI,  YAG  to 


Shot  t 


Overall  Length 
of  Cone  liner 
(in. ) 


gth  y  Counts  per 
er  minute  at 
SHO  days 

0.110  x  103 
0.027  x  103 
1.35  X  103 
0.525  x  IQ3 
3.8L  x  103 
3.09  x  103 
1.03  x  103 
8.85  x  10-3 
1.U9  X  103 
stub)0.7t7  x  103 


y  Counts  per 
minute  at 
S110  days 

0.tl9  X  IQ3 

2.61  X  103 
0.623  x  103 
0.366  x  IQ3 
1-39  x  103 

1.58  x  103 
0.t58  X  103 
0.685  x  103 
0.189  x  103 

0.259  x  iO3 


0.80U  x  103  0.259  x  10 
1.29  x  103  0.530  x  10 
2.03  x  103  0.325  x  10 


Shot  5 

Y  Counts  per 
minute  at 
SA10  days 

2. 8t  x  103^ 
0.270  x  IQ3 
6.9L  x  103 
t .21  x  103 
8.9U  x  103 
7.6t  x  lo2 
5-10  x  103 
5.39  x  103 

3.21  x  103 
0.871  x  IQ3 
3  - 1*3  x  103 

2.62  x  103 


0.325  x  103  7.13  x  103 


between  each  measurement  and  its  location  in  the  duct.  The  counting 
rates  shown  in  the  figures  apply  to  a  contaminated  area  4  by  6  inches.  ’ 

In  some  instances  where  an  individual  ventilRtion-duct  section  has 
a  very  high  counting  rate  compared  to  its  immediate  neighbors  (particular¬ 
ly  the  bottom  duct  section,  Station  2,  Condition  II,  TAG  40,  Shot  4),  the 
circumstance  may  be  attributed  to  liquid  runoff  leaving  an  active  deposit 
behind. 

As  a  rule,  activity  levels  of  deposited  material  do  not  decrease 
appreciably  from  the  entrance  to  the  exit  of  each  complete  duct  system. 

An  increase  in  deposited  activity  is  evident  in  most  of  the  graphs  near 
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Figure  6.28  Duct  section  activities  at  S4-10  days  for 
three  shots,  Condition  I,  YAG  40* 

the  region  of  the  supply  duct  wye  branches* 

6*6,3  Results  or  Measurements  in  Boiler  Systems.  Measurements  in 
the  boiler  systems  yielded  values  for  the  concentration  of  airborne  activ¬ 
ity  there,  as  well  as  for  the  amounts  of  airborne  material  deposited 

6*6, 3.1 _ Concentration  of  Airborne  Activity.  Only  three  charts  of 

activity  versus  time  (Figure  6.35)  were  obtained  from  the  boiler  systems 
of  the  ships,  and  all  were  from  Shot  4.  From  the  curves,  activity  con¬ 
centrations  in  the  fireroom  of  YAG  40  appear  negligible.  The  unusual 
apparent  increase  in  activity  after  1300  for  the  YAG  39  situation  is  not 
interrretable ,  since  data  obtained  from  the  other  instruments  are  not  con¬ 
sistent  with  such  an  increase.  This  irregularity  may  have  occurred  in 
the  analysis  of  the  filter  strip. 

Average  activity  per  unit  volume  of  air  was  obtained  from  the  station¬ 
ary  filters,  as  was  done  in  the  ventilation  systems.  Results  are  given 
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Figure  6.29  Duct  section  activities  at  SflO  days  for 
three  shots,  Condition  II,  YAG  bo. 
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Figure  6.32  Duct  section  Activities  at  SflO  days  for 
three  shots.  Condition  V,  XAG  ^40. 

in  Tables  6.8  through  6.10.  The  derivation  of  total  volume  of  airflow 
through  the  filters  is  given  in  Appendix  E. 

Prior  to  Shot  4,  the  flow  rate  through  the  particle  collectors  in 
the  firerooms  had  been  reduced  from  1C  cfn  to  about  2  cf®  to  avoid  ex¬ 
cessive  filter  loading.  This  measure  was  not  successful.  The  values 
given  in  Table  6.9  for  the  results  of  beta  and  gamma  counts  of  the  molec¬ 
ular  filters  xor  Shots  4  and  5  are  of  little  significance  to  air  sampling 
results,  since  the  flow  rates  were  too  low  to  be  measured.  The  data 
presented  in  Table  6.10  are  derived  fro®  «olecular  filters  for  Shot  2  and 
from  stationary  continuous  air  sampler  filters  for  Shot  5. 

6 *6,3.2 _ Deposition  of  Airborne  Material.  The  gamma  counting 

rates  of  duct  sections  and  surface  samples  taken  from  the  boiler-air 
systems  of  YAG  39  and  YAG  40  appear  in  Table  6.13 .  A  dashed  line  in¬ 
dicates  the  sample  was  lost  in  handling.  Gee  Figures  6.17  through  6.19 
for  identification  of  the  duct-section  locations. 

Values  of  activity  deposited  on  the  inside  surfaces  of  cone  liners 
taken  from  the  boiler  systems  are  given  in  Tahle  6.12. 

6,6,4 _ Results  of  Weatherslde  Measurements »  Values  for  both  the 
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Figure  6.3^  Duct  section  activities  at  31-10  days  for 
three  shots.  Condition  IIA,  YAG  39* 


TABLE  6.9  CA>MA  COW T  RATES  OF  THE  MOLECULAR  FILTERS 
HI  THE  FIREBOOW  FOR  THREE  SHOTS 


(a)  22C  is  a  total  sample  taken  from  a  continuous  air  sampler  at  the  same  location  as  Particle  Collector  9< 
Since  the  strip  of  filter  paper  did  not  move,  sample  count  is  equivalent  to  a  molecular  filter  count. 

(b)  For  the  same  reason  25C  la  equivalent  to  a  molecular  filter  at  Particle  Collector  11. 
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Figure  6.35  Activity  concentrations  in  the  boiler  air 
systems  of  the  YAG  39  and  YAG  40  as  a  function  of  time 
at  SflO  days,  Shot  4. 


TARTU  6.10  ACTIVE  AEROSOL  COHCEHTRATIOIS  IE  THE 
EIRIROOMS  TOR  SHOTS  2  AJfD  5 


Location  j  7  c/tn/ft^  of  air  at  7  c/m/ft^  of  air  at 

S+jO  days  '  S+iO  days 

_ _ i _ | _ 
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TABLE  6.11  GAMMA  ACTIVITIES  OP  BOILER  AIR  DUCT  SECTIONS 
AND  SURFACE  SAMPLES  FOR  THREE  SHOTS  AT  SflO  DAYS'*) 


Shot  2 

Shot  4 

Shot  5 

Duct 

YAG  39 

YAG  40 

YAG  39 

YAG  40 

YAO  39 

YAG  40 

Section 

y  c/m  at 

1  c/m  at 

y  c/m  at 

y  c/m  at 

y  c/m  at 

y  c/m  at 

No. 

S+10  day# 

S+10  day# 

S+10  day# 

S+10  day# 

S+10  day# 

S+10  day# 

1 

N 

0.77  x  103 

1.03  x  103 

N 

N 

2 

0 

4.04  x  103 

0.48  x  103 

0 

0 

3 

N 

--- 

0.25  x  lO3 

O.93  X  103 

N 

N 

4 

E 

7.14  x  103 

0.34  x  103 

2.95  x  103 

E 

E 

5 

— 

O.23  x  10 3 

0.52  x  IO3 

6 

4.21  x  103 

O.13  X  103 

1.23  x  103 

7 

2.86  x  103 

0.18  x  lO3 

0.73  x  IO3 

8 

2.93  x  103 

... 

2.29  x  103 

9 

N 

5.95  x  103 

1.12  x  103 

N 

N 

10 

0 

— 

0.31  x  lO3 

_ 

0 

0 

11 

N 

2.93  x  IO3 

... 

0.l4  x  103 

N 

N 

12 

E 

5.42  x  Up 

0.92  x  iO3 

0.75  x  103 

E 

E 

13 

1.19  x  103 

— 

0.35  x  10 3 

14 

— 

0.74  X  103 

15 

1.27  X  103 

0.083  X  103 

0.66  x  103 

16 

— 

— 

0.88  x  103 

17 

bkg 

0.98  x  103 

0.056  X  103 

O.39  x  103 

0.12  x  1C3 

1.25  x  103 

18 

0.12  x  103 

6.90  x  103 

0.12  x  IO3 

O.37  X  103 

1.30  x  IO3 

0.50  x  103 

19 

okg 

1.01  x  1C3 

0.092  x  103 

0.50  x  Up 

1.62  x  103 

1.4l  x  103 

20 

0.006  x  103 

0.11  x  103 

0.060  x  103 

1.09  x  IO3 

0.14  x  10 3 

0.98  x  up 

21 

bkg 

O.63  x  HP 

O.O69  x  lO3 

0.18  x  UP 

0.13  x  IO3 

0.67  x  103 

22 

4.02  x  10 3 

0.089  x  IO3 

0.33  x  103 

... 

1.58  x  103 

23 

0.007  x  10 3 

0.75  x  103 

0.075  x  103 

0.49  x  103 

0.42  x  103 

0.92  x  UP 

24 

bkg 

0.93  x  103 

0.27  x  IO3 

0.31  x  IO3 

0.44  x  IO3 

0.75  x  103 

25 

bkg 

bkg 

0.055  x  IO3 

0.14  x  103 

1.17  x  IO3 

26 

bkg 

0.20  x  103 

O.O52  x  IO3 

0.37  X  103 

0.17  x  103 

0.72  X  103 

27 

0.18  x  io3 

0.46  x  103 

0.11  x  IO3 

0.27  X  Up 

0.29  X  103 

0.76  x  103 

28 

0.032  x  10 3 

0.11  x  103 

0.099  x  103 

0.16  X  IO3 

0.11  x  IO3 

— 

29 

bkg 

0.88  x  103 

0.049  x  IO3 

0.79  x  IO3 

0.077  x  IO3 

2.40  X  103 

30 

0.011  x  10 3 

O.71  x  103 

0.020  x  IO3 

1.62  x  IO3 

0.032  x  IO3 

6.92  x  IO3 

31 

bkg 

— 

0.10  x  IO3 

2.22  x  103 

_ - 

2.49  x  103 

32 

0.11  x  IO3 

0.86  x  103 

0.081  x  10- 

0.93  x  103 

O.13  x  IO3 

1.60  x  IO3 

33 

0.005  x  IO3 

0.70  x  103 

0.094  x  IO3 

0.72  x  IO3 

0.16  x  ur 

1.4l  x  IO3 

34 

0.011  x  10 3 

0.86  x  n3 

0.004  x  IO3 

0.77  x  IO3 

0.15  X  103 

1.93  x  103 

35 

bkg 

0.71  X  103 

0.026  x  IO3 

0.75  x  IO3 

0.096  x  103 

0.70  x  IO3 

36 

—  - 

0.63  x  103 

0.026  x  103 

0.64  x  IO3 

0.12  x  IO3 

1.29  x  103 

37 

bkg 

1.37  x  Up 

O.C69  x  IO3 

1.21  x  103 

0.13  X  103 

0.40  x  103 

30 

0.0 jl  x  HP 

0.  (8  x  Up 

0.21  x  IO3 

0.71  x  103 

2.20  x  IO3 

8.63  x  103 

39 

0.01?  x  kP 

1.73  x  Up 

0.10  x  IO3 

0.74  x  IO3 

0.40  x  iO3 

O.lb  x  103 

40 

bkg 

0.19  x  103 

0.025  x  103 

0.88  x  up 

1.59  x  Up 

3.70  x  103 

(a)  Count  rates  given  are  for  4-by-b-ln.  collecting  surface#. 


concentration  of  airborne  activity  and  the  deposition  of  airborne  mater¬ 
ial  were  obtained  from  weathers id e  measurements. 


6. 6. 4.1  Concentration  of  Airborne  Activity.  Three  records  of  ac¬ 
tivity  versus  time  shown  in  figure  6.36  were  obtained  from  weatherside  sta¬ 
tions  from  Shots  4  and  5.  The  sampler  on  top  of  the  bridge,  YAG  4 C,  never 
operated  successfully.  The  records  shown  are  from  the  other  two  stations. 
The  peak  values  of  gamma  activity  shown  on  the  curves  are  in  much  smaller 
ratio  to  corresponding  peaks  in  the  ventilation  systems  than  are  the 
above-  and  below-decks  molecular  filter  count  ratios.  It  is  expected 
that  the  smaller  ratios  found  from  the  curves  result  from  greater  loss 
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TIME  OF  DAY  (HR) 

Figure  6.36  Weatherside  activity  concentration  on  the 
YAG  39  and.  YAG  40  as  a  function  of  time  at  SflO  days. 
Shots  4  and  5» 


of  activity  to  the  cone  liners  above  decks  than  occurred  below  decks. 

Although  the  time  of  washdown  spray  operation  is  indicated  for  the 
YAG  39  sampler,  it  is  suspected  that  the  increase  of  activity  after  the 
washdown  stopped  is  coincidental,  because  the  sampler  was  mounted  above 
the  washdown  strray.  Differences  in  fallout  arrival  between  the  YAG  39  and 
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TABUS  6.12  OAMtA  COURT  RATSS  FOR  COKE  LUIKRS  Hr 
BOILER  SYSTBC  FOR  THREE  SHOTS  AT  SI10  DATS 


Shot  2 

Shot  4 

- -  -9 

Shot  5 

Cone  liner  from  air 
sampler  located  at: 

Overall  length 
of  cone  liner 
(in.) 

7  c/m 

7  c/m 

7  c/m 

Beneath  fidley  space 
Fire  room,  YAG  to 

25 

0.960x103 

O.l^&xto3 

- 

Ahead  of  forced  draft 
Blower-boiler  air  duct 
YAG  to 

24 

1.89x103 

O.VoxlO3 

• 

In  duct  ahead  of  port 
windbox,  YAG  *40 

| 

26 

5.49x103 

0.l66xl03 

- 

Between  boilers  above 
firing  aisle 

Fireroom,  YAG 

1* 

(cone  stub) 

0.885xl03 

0.810x10- 

1.74x’03 

Ahead  of  forced  draft 
draft  blower-boiler 
air  duct,  YAG  39 

23 

0.6Y0-.103 

- 

Between  boilers  above 
firing  aisie 

Fireroom, YAG  39 

1* 

(cone  stub) 

0.031xl03 

0.464xl03 

0.277xl03 

YAG  40  for  Shot  4  are  represented  in  a  Conner! son  of  the  two  plots  of 
weathers ide  activity  versus  time  for  Shot  4* 

In  previous  sections,  the  molecular  filters  have  been  treated  as 
indices  of  the  active  aerosol  concentrations  at  the  locations  where  they 
were  installed.  However,  above  decks — -where  the  open,  unprotected  filter 
faces  were  subject  to  damage  by  the  wind  and  rain  and  where  fallout  mat¬ 
erial  could  deposit  on  them  regardless  of  the  flow  rates  through  the 
filters— it  was  believed  that  the  DMT  filter  material ,  partially  pro¬ 
tected  by  a  4- inch-diameter  cylindrical  intake,  would  afford  a  better 
relation  between  activity  collected  and  the  total  volume  of  air  sampled. 

DMT  filter  sample  count  rate  at  S/10  days  was  5.82  x  106  c/m  for 
Shot  4  and  13.2  x  1C>6  c/m  for  Shot  5.  It  was  found  that  the  exposed 
screen  holding  the  DMT  needles  in  place  had  roughly  the  same  activity 
as  the  filter  material  itself;  therefore,  the  best  estimate  of  the  total 
activity  drawn  in  by  the  sampler  for  the  two  shots  at  S  /  10  days  is: 

Shot  4,  11.6  x  10^  c/m;  Shot  5,  2.6  x  10^  c/m. 

The  average  gamma  activity  per  cubic  foot  of  air  above  decks  on 
YAG  4C  for  Shots  4  and  5  becomes  1.15  x  10-  c/m/cu  ft  and  2.6  x  10^ 
c/m/cu  ft,  respectively.  These  values  are  averaged  between  time  of  start 
of  fallout  and  time  of  sampler  shutdown. 

ho  direct  estimate  is  available  for  YAG  39,  since  no  DMT  filters 
were  mounted  on  that  ship. 

6.6, 4. 2  Deposition  of  Airborne  Material.  Results  of  beta  and 
pamma  counts  of  the  weatherside  molecular  filters  are  given  in  Table  6.i3. 

The  adhesive-coated  papers  were  rolled  into  the  shape  of  a  cylinder 
3  inches  long  and  counted  in  the  4  tt ionization  chamber.  The  results  are 
expressed  in  Tahle  6.14. 
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TABLE  6.13  BETA  AND  GAMA  COUNT  RATES  OF  THE  WEATHERSIDE 
MOLECULAR  FILERS  FOR  SHOTS  2,  4,  AND  5  AT  SflO  DAYS 


Shot  2 

Shot  4 

Shot  5 

Location 

Sample  Number 

L 

7  c/m 

(9.0  cm  dia.  sample) 

0 

H 

Cl 

a) 

■r4 

r) 

E  E 

0 

0 

O 

^  r? 

P  c/m 

(corrected  to  9*0  cm 
dia.  sample) 

7  c/m 

(9-0  cm  dia. sample) 

P  c/m 

(corrected  to  9*0  cm 
dia.  sample) 

Top  of  deckhouse 

71 

9.74  x  101* 

2.42  x  106 

8.4  x  107 

2.67  x  106 

3.0  x  108 

YAG  40 

72 

5.1  x  10? 

“ 

1.59  x  107 

1.66  x  10* 

Top  of  bridge 

8l 

6.2  x  10 1 

_ 

YAG  40 

82 

1.47  x  105 

6.16  x  105 

2.54  X  10^ 

“ 

Top  of  mast 

101 

1.38  x  lO4 

4.61  x  108 

2.51  x  108 

1.06  x  108 

1.72  x  108 

YAG  39 

102 

1.4  x  10° 

1.55  x  106 

2.4  x  107 

6.43  x  106 

3.85  x  10* 

TABLE  6.14  SURFACE  ACTIVITIES  OF  ADHESIVE -COATED  PAPERS 
FOR  SHOTS  4  AND  5  AT  SUO  DAYS 


. .  '  ] 

Shot  4 

Shot 

5 

Location  of 
Sample 

Orientation 
of  Sample 

YAG  39 
(7  c/m/ ft2) 

YAG  40 
(7  c/m/ft2) 

YAG  39 
(7  c/m/ft2) 

YAG  40 

(7  c/m/ ft2) 

No.  1  k ingpost 

horizontal 
surface  facing 
upwards 

- 

- 

1.4?  x  107 

- 

No.  2  kingnost 

horizontal 
surface  facing 
upvards 

0.88  x  107 

10.5  x  107 

0.5  x  10  ^ 

2.8  x  107 

Tor  of  dec /.house 

vortical 
s.irface  t'<icinc' 
forward 

0.63  x  107 

50.6  x  101 

It  is  interesting  to  compare  the  results  of  the  adhesive-coated 
fallout  collectors  with  the  activities  found  on  the  weatherside  molecular 
filters  (Table  6.15),  where  the  latter  are  treated  as  surface  collectors 
and  the  existence  of  airflow  through  the  filters  is  disregarded. 

The  molecular  filters  are  of  am  order  of  magnitude  of  10  less  than 
the  adhesive-coated  papers.  Rain  and  wind  following  Shots  4  and  5 
evidently  washed  much  of  the  active  material  off  the  filters,  in  addition 
to  tearing  them  badly. 

There  is  little  doubt  that  the  better  retention  characteristics  of 
the  adhesive-coated  surfaces  contributed  a  great  deal  to  the  increased 
total  count  of  these  surfaces  over  the  molecular  filters. 

Results  of  analyses  of  cone  liners  taken  from  weatherside  air 
samplers  are  given  in  Table  6.16. 
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TABLE  6.15  SURFACE  ACTIVITIES  OF  WEATHERS IDE 
MOLECULAR  FILTERS  FOR  SHOTS  4  AHD  5 


"1 

Sample  No. 

Location 

Shot  4 
(7  c/m/ft2) 

Shot  5 
(7  c/m/ft2) 

71 

Top  of  deckhouse* 

YAG  40 

3.5  x  106 

3.9  x  106 

72 

Top  of  deckhouse* 

YAG  40*  facing 
l80°  from  Sample  71 

2.3  x  107 

81 

Top  of  bridge, 

YAG  40 

- 

82 

Top  of  bridge* 

YAG  40,  facing 
l80°  from  Sample  8l 

8.9  x  105 

101 

No.  2  kingpost,  YAG  39 

6.7  x  106 

1.5  x  106 

102 

No.  2  kingpost, YAG  39* 
facing  l80°  .rom 

Sample  101 

2.2  x  106 

9*3  x  106 

TABLE  6.16  GAMMA  COUNT  RATES  FOR  HEATHERS IDE 
CONE  LINERS  FOR  THREE  SHOTS  AT  S+10  DATS 


Shot  2 

Shot  4 

Shot  5 

Location  of  Cone 
Liner  from  Air 
Sampler 

Top  of  Deckhouae, 
TAG  40 

OTermll  Length 
of  Cone  Liner 

■ycounta 
per  min. 

Y counts 
per  min. 

Ycounta 
per  min. 

29.5 

1.86  x  106 

2.42  x  105 

1.33  x  107 

Top  of  Bridge , 

TAG  40 

29.5 

6.66  x  106 

- 

2.13  x  10? 

No.  2  Ktnpnost, 

TAG  39 

29.5 

- 

4.03  x  105 

2.S8  x  107 

6.7  DISCUSSION 

6.7.1  Comparison  of  Activity  Concentrations.  Considering  the  DMT 
filter  results  to  represent  the  activity  above  decks  and  the  molecular  filter 
results  to  represent  the  activity  in  each  of  the  below-decks  cubicles,  a 
correlation  can  be  made  of  the  comparative  reduction  in  activity  for  the 
three  test  areas  on  YAG  40. 

Tahle  6.17  gives  the  average  activity  concentration  in  each  cubicle 
as  a  fraction  of  the  weathers ide  concentration. 

Most  of  the  larger  particles  or  droplets  were  screened  out  when  the 
air  entered  the  mushroom  ventilation  intake.  Either  they  fell  oast  the 
intake  or  they  were  deposited  inside  the  head  by  the  cyclone  action  of 
the  airstream.  The  reduction  factor  given  for  the  fireroom,  YAG  40,  is 
considerably  larger  than  is  reasonable,  judging  from  a  comparison  of 
duct  section  activities  in  boiler-air  and  ventilation  ducts  and  from  a 
comparison  of  the  count  rates  for  the  cone  lines  taken  from  air  samplers 
in  the  two  firerooms  and  in  Condition  III,  YAG  40.  In  general,  there  is 
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TABLE  6.17  RATIOS  0*  OANHA  ACTIVITY  COMCEKTRATIOlfS 
BELCH  AMD  ABOVE  DECKS  FOR  SHOTS  V  AMD  5 


Shot  4 

Shot  5 

Tests 

Fraction  of  Average 

7  c/m/ft3  of  Air 
Gaining  Access  to 
the  Space 

Fraction  of  Average 

7  c/m/ft3  of  Air 
Gaining  Access  to 
the  Space 

Condition  I,  YAG  1*0 

2.87  x  I0"k 

2.77  x  10"* 

Condition  II,  YAG  1*0 

1.91  x  KT1* 

1.08  x  10"1* 

Condition  III,  YAG  40 

1.74  x  10"1* 

1.88  x  10-1* 

Condition  IV,  YAG  1*0 

- 

O.69  x  10"5 

Condition  V,  YAG  1)0 

2.26  x  IX)-1* 

1.62  x  10~k 

Condition  VI,  YAG  40 

0.96  x  10"5 

O.65  x  ID-5 

Fire rooc,  YAG  to 

- 

1.0  x  10‘3 

too  little  information  pertaining  to  activity  concentrations  in  the 
boiler-air  system  to  permit  an  adequate  comparison  with  the  ventilation 
and  weatherside  test  areas. 

An  order-of -magnitude  estimate  can  be  made  of  the  activity  reduction 
from  the  weatherside  activity  levels  based  upon  cone-liner  comparisons. 

Average  cone-liner  activity  below  decks  on  TAG  40  is  taken  as  the 
arithmetic  average  for  the  Stfction  5  cone  liners  in  Conditions  I,  II,  IV, 
V,  and  VI.  Above  decks,  the  arithmetic  average  of  the  cone  liners  is 
taken  off  those  on  top  of  the  deckhouse  and  on  the  bridge  deck.  The 
YAG  39  instrument  situation  allows  only  a  ratio  between  the  liners  from 
Station  5,  Condition  IIA,  and  the  liner  from  the  No.  2  kingpost  to  be 
derived.  Agreement  is  good  between  Table  6.17  and  Table  6.18  except 
for  Shot  4  in  tne  latter. 


6.7.2  Sampling  Conditions.  It  has  been  observed  that  flyasb  in 
the  fireroom  and  in  the  boiler-air  systems  in terf erred  considerably  with 
the  collection  of  airborne  particulate  matter.  Flyash,  not  temperature, 
was  the  major  threat  to  the  acquisition  of  a  good  sample  of  airborne  radio¬ 
active  matter  in  this  area  of  investigation. 

TABLE  6.18  RATIO  OF  ACTIVITY  COMCEITRATiOES  BELCW  AMD 
ABOVE  DECKS  BASED  01  COME  -LIKER  DATA  FOR  THREE  SHOTS 


YAG  1*0 


Shot  I* 


Shot  2 


Ratio  of  average 

cone  liner  7 
activity  at 
Station  5  to 
average  cone  liner 
7  activity  on  deck 


2.89  x  10*4 


Ratio  of  average 

cone  liner  7 
activity  at 
Station  5  to 
average  cone  liner 
7  activity  on  deck 


I.38  x  10" 3 


Shot  $ _ 

Ratio  of  average 

cone  liner  7 
activity  at 
Station  5  to 
average  cone  liner 
7  activity  on  deck 


2.38  x  10"'* 


YAG  39 


0.5  x  10" 


1.05  x  10 
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Although  quantities  of  oil  and  flyash  were  not  absent  in  weather- 
side  collections,  wind  and  rain  were  predominantly  responsible  for  dis* 
torting  the  samples  obtained  above  decks.  Therefore,  the  division  of 
this  study  into  three  separate  areas  of  investigation  delineates  the  cir¬ 
cumstances  for  which  correction  should  be  made  before  an  adequate  compare 
ison  may  be  drawn*  For  example,  before  a  comparison  between  a  beta 
count  from  a  molecular  filter  sampling  in  the  fireroom  and  a  beta  count 
from  a  molecular  filter  in  the  relatively  clean  air  of  a  ventilation 
cubicle  can  be  obtained,  correction  would  have  to  be  made  for  self- 
absorption  of  the  fireroom  sample.  The  comparison  between  a  weathers ide 
sample  and  a  sample  from  the  relatively  directional  air  of  a  ventilated 
cubicle  is  still  more  difficult  in  that  a  sample  collected  isokinetically 
(Reference  19)  from  a  moving  airstream  is  different  from  that  of  a  sample 
taken  from  nondirectional  or  still  air,  in  that  the  latter  contains  a 
bias  which  is  a  function  of  particle  size  (Reference  20) . 

The  situation  is  further  complicated  by  a  lack  of  certainty  as  to 
what  was  measured  in  the  samples  collected  from  the  weathers ide  stations. 

It  has  been  mentioned  that  the  weathers ide  molecular  filters  were  not 
shielded  against  direct  impingement  on  the  prevailing  windstream,  and 
it  was  observed  that  they  were  less  active  than  the  gummed  surface  collect¬ 
ors.  It  has  been  pointed  out  that  the  face  velocity  of  the  air  entering 
the  molecular  filters  was  so  much  lower  than  the  prevailing  wind  velocity 
that  the  molecular  filters  would  be,  at  best,  fixed-surface  fallout 
collectors.  Although  the  DMT  filters  were  subject  to  this  same  circumstance, 
their  samples  were  better  protected  against  the  ensuing  rainstorms. 

As  a  result  of  the  absence  of  quantitative  data  from  the  continuous 
air  samplers,  the  DMT  filters  were  selected  to  provide  the  order  of  mag¬ 
nitude  relationship  between  the  above-decks  and  below-decks  activity  con¬ 
centration.  In  general,  all  comparisons  made  between  any  two  of  the 
three  test  areas  (Tables  6.17  and  6.18)  should  be  looked  upon  primarily 
as  order-of -magnitude  estimates. 

6.7.3  Airborne  Material .  Figure  E.15,  Appendix  E,  indicates  that 
considerable  quantities  of  radioactive  matter  were  thrown  out  inside  the 
air  sampler  cones  long  before  reaching  the  filter  paper  surfaces.  It 
is  expected  that  the  ratio  of  particulate  matter  deposited  on  cone  liner 
to  particulate  matter  entering  cone  would  be  much  larger  for  the  weather- 
side  samplers  than  for  the  below-decks  samplers.  This  situation  is 
borne  out  qualitatively  by  a  comparison  of  the  activity  ratios  between 
weatherside  samplers  and  below-decks  samplers  and  the  activity  ratios 
between  corresponding  cone  liners.  At  a  particular  time,  the  ratio 
between  above-  and  below-decks  air-sampler  activity  concentrations  was 
less  than  the  ratio  of  their  cone  activities. 

It  is  notable  that  once  fallout  began,  airborne  activity  concen¬ 
trations  on  YAG  40  did  not  appreciably  change  after  the  cessation  of 
fallout,  at  least  until  the  samplers  shut  down.  Deposited  activity 
may  have  been  redispersed  in  the  air  upon  drying.  This  observation 
formed  the  basis  of  the  estimate  of  average  activity  per  unit  volume  of 
air  for  the  24  hour  period . 

Table  6.5  shows  the  marked  uniformity  of  the  airborne  activity 
concentrations  in  these  test  systems,  where  no  high  efficiency  rarticle 
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removing  device  was  present.  The  particle  concentration  in  the  duct 
air  was  not  greatly  influenced  by  the  flow  rate  through  the  duct.  In 
comparing  Conditions  II  and  III  for  Shot  5  (Table  6.5),  it  can  be  seen 
that  the  average  activity  in  the  Condition  III  cubicle  was  only  23 
percent  less  than  that  of  the  Condition  II  cubicle.  However,  a  compar¬ 
ison  of  Figures  6.29  and  6.30  demonstrates  that  considerably  more  activ¬ 
ity  entered  Condition  II  intake  duct.  For  the  apparently  small  particle 
sizes  which  gained  access  to  the  ventilation  ducts,  the  airborne  par¬ 
ticulate  concentration  was  little  influenced  by  changes  in  flow  rate 
over  a  range  of  1000  cfm  to  the  minimal  flow  rate  of  the  no-fan  situa¬ 
tion  (Condition  III). 

The  amount  of  activity  deposited  inside  the  ducts  was  a  function 
of  the  total  activity  carried  through  them,  which  in  turn  was  a  function 
of  the  flow  rate.  It  is  possible  that  systems  operating  at  different  rates 
permitted  entrance  of  different  particle-size  populations ,  which  circum¬ 
stance  would  influence  deposition  and  concentration  values. 

6.8  CONCLUSIONS 

1.  Arrival  of  fallout  was  irregular  and  the  time  of  cessation  of 
fallout  could  not  be  determined  from  continuous  air  samples. 

2.  Airborne  activity  concentrations  within  the  unprotected  ship 
were  less  by  about  a  factor  of  5  x  103  than  that  exterior  to  this  ship. 

3.  Cubicles  in  Conditions  I,  II,  III  and  V,  TAG  40,  contained 
approximately  the  same  activity  per  unit  volume  of  air,  regardless  of  the 
flow  rate  over  the  range  tested. 

4.  The  ACC  filter  and  the  precipitron  effected  a  reduction  of 
94  percent  to  98  percent  in  the  airborne  concentration. 

5.  Gamma  radiation  from  the  ducts  studied  in  this  test  was  not  of 
greater  order  of  magnitude  than  gamma  radiation  penetrating  the  decks 
from  exterior  surface  deposits. 

6.  Significant  comparisons  could  not  be  made  between  activity  con¬ 
centrations  in  boiler  air  systems  and  weatherside  or  ventilation  areas. 

6.9  RECOMMENDATIONS 

From  the  standpoint  of  future  investigation,  the  following  sugges¬ 
tions  are  recommended: 

1.  Several  features  of  ventilation  ducts  could  be  studied  success¬ 
fully  on  full-scale  models  in  the  laboratory:  (l)  relative  retention 
abilities  of  ventilation  intakes  as  a  function  of  particle  size; 

(2)  change  in  concentration  of  airborne  particulate  matter  passing 
throurh  a  duct  as  a  function  of  duct  shape,  distance,  and  particle  size; 
and  (3)  efficiency  of  protective  devices  as  a  function  of  the  particle 
size  and  physical  characteristics. 

2.  The  observations  made  in  this  chapter  comprise  an  isolated  in¬ 
stance  of  a  ship's  exposure  to  fallout  from  thermonuclear  explosions. 
Presumably,  characteristics  of  the  interior  contamination  of  a  ship 
would  have  been  significantly  different  had  the  nature  and  concentration 
of  the  fallout  been  different,  especially  in  the  region  of  throwout  or 
base  surge.  It  is  recommended  that  interior  contamination  resulting  from 
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a  standardized  unprotected  ventilation  duct  be  studied  under  different 
fallout  conditions. 

3.  A  determination  of  washdown  effective,  ess  in  inhibiting  the 
contamination  of  a  ship’s  interior  could  be  better  accomplished  by 
performing  comparison  measurements  simultaneously  on  the  same  ship  to 
remove  the  uncertainties  attached  to  defining  relative  fallout  exposures 
at  two  or  more  locations. 

4^  It  is  considered  that  a  study  of  a  ship’s  interior  contamina¬ 
tion  could  be  best  served  through  access  to  the  following  kinds  of  data: 

(1)  total  activity  per  unit  volume  of  air  above  and  below  decks; 

(2)  average  number  of  radioactive  airborne  particles  above  and  below 
decks;  and  (3)  total  activity  deposited  on  unit  area  above  and  below 
decks. 

5.  It  is  further  recommended  that  the  measurements  be  made  on 
samples  removed  from  the  ship  to  avoid  the  interference  of  radiation 
fields  and  that  samples  collected  below  decks  be  derived  from  large 
samples  of  air  and  large  collecting  surfaces. 
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Chapter  7 

AIR -MONITORING  EVALUATION 


B.  M.  Carder  A.  H.  Redmond 

A  semiportable  air  monitor  developed  at  NRDL  was  partially  tested 
under  field  conditions.  Data  on  the  air-contamination  levels  around  a 
ship  after  nuclear  detonations  were  taken  and  related  to  the  corresponding 
roentgen  intensity  at  the  sampling  point. 

The  air  monitor  was  designed  to  indicate  a  level  of  0.3  microcuries 
of  beta  emitter  per  cubic  meter  of  air  within  1  min  after  such  a  concen¬ 
tration  occurred.  Because  of  partial  instrument  failure,  in  particular, 
failure  of  the  detecting  system  to  function  in  a  radiation  field  of  low 
energy  photons,  continuous  readings  of  activity  during  collection  of  the 
samples  were  not  feasible.  The  sampling  equipment  and  paper -changing 
program  devices  worked  satisfactorily;  but  since  the  inadequacy  occurred 
in  the  detecting  system,  the  activity  of  the  samples  was  counted  at  a 
later  time.  Counting  these  sarnies  at  the  later  time  indicated  that  a 
number  of  samples  collected  as  late  as  17  hr  after  the  detonation  gave 
an  average  activity  in  excess  of  the  level  at  which  en  alarm  should  have 
been  given  by  the  detecting  system. 


7.1  OBJECTIVE 

The  principal  objective  of  the  early  warning  air-monitor  work  was 
to  make  a  field  test  of  equipment  developed  during  the  preceding  year- 
A  secondary  objective  was  to  accumulate  data  on  the  beta  emitter  in  air 
around  a  ship  and  to  correlate  the  level  of  the  collected  beta-emitter 
contamination  with  the  associated  gamma -intensity  level,  which  was 
expected  to  be  small. 


7.2  BACKGROUND  AND  THEORY 

Calculations  at  NRDL  have  shown  that  large  concentrations  of  uotal 
fission  products  may  be  inhaled  in  air  at  early  times  after  a  detonation 
without  ultimately  overexposing  bone  to  internal  beta-emitting  deposits. 
Since  permissible  concentrations  for  an  hoar's  inhalation  decrease 
rapidly  with  time,  it  is  desirable  to  limit  exposures.  Limiting  exposures 
entails  knowing  the  concentration  of  activity  in  air  inhaled  during  a 
given  period  of  time.  Such  material  as  is  in  dynamic  equilibrium  suspen¬ 
sion  in  air  is  considered  potentially  capable  of  entering  the  lungs  and 
being  completely  retained.  Thus,  the  need  for  apparatus  capable  of 
determining  the  concentration  in  suspension  equilibrium  in  air  at  any 
given  time  is  evident. 

For  measuring  the  concentration  of  activity  in  the  air,  the  volume 
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of  air  flowing  through  the  apparatus,  as  well  as  the  corresponding  incre¬ 
ment  to  activity  collected  during  the  sampling  period,  must  he  determined. 

If  the  changing  level  of  activity  on  the  collector  is  recorded  continuously, 
the  instantaneous  level  of  activity  in  air  can  be  determined  from  the 
slope  of  the  curve  of  activity  vs  time.  Since  a  detector  for  beta  radia¬ 
tion  is  also  sensitive  to  gamma  radiation,  the  ganma  background  must  be 
eliminated  from  this  curve.  In  a  contaminating  shot  on  land,  where  the 
radiation  field  from  far  beyond  the  immediate  surroundings  may  be  large, 
the  instrument  must  be  designed  to  eliminate  this  background.  Above  some 
critical  level  of  gamma  background,  the  instrument  will  become  inoperative, 
but  in  such  case  the  gamma  intensity  would  undoubtedly  have  led  to 
countermeasure^  that  likely  involved  some  restriction  of  ventilation. 

The  gamma  level  corresponding  to  a  concentration  of  fission  products 
of  1  pc/cu  m  may  be  reasonably  assumed  less  than  2  mr/hr.  Thus,  the 
gamma  level  can  be  low  while  the  concentration  of  beta-emitter  approaches 
a  magnitude  cf  some  concern.  Failure  to  monitor  the  air  for  beta -emitter 
concentrations  may  lead  to  needless  restriction  of  ventilation  on  the 
basis  of  gamma  radiation  and  in  the  absence  of  local  air  contamination. 


7.3  DESCRIPTION  OF  SEMIPORTABLE  AIR  MONITOR 

The  entire  air  monitoring  equipment  weighed  about  50  lb  and  was 
operated  from  the  ship's  115-v  power  supply.  Its  two  major  components 
were  the  collection  system,  including  the  mechanism  for  changing  the 
filter  paper,  and  the  device  for  detecting  beta  emitter  on  the  filter 
paper.  In  the  collection  system  a  small  turboblower  from  a  vacuum 
cleaner  drew  air  through  a  filter  paper  (Army  Chemical  Corps,  type  No.  5) 
at  a  face  velocity  of  2  m/s ec  (l4  to  15  cfm),  thereby  ensuring  collection 
of  0.3  p  particles  at  an  efficiency  of  95  to  9 8  percent.  The  filter 
paper  was  on  a  roll  that  permitted  200  changes,  either  at  pre-set  inter¬ 
vals  or  whenever  the  beta-emitter  on  the  paper  was  sufficient  to  cause 
the  sensing  and  recording  devices  to  read  full  scale. 

A  principal  feature  of  the  air  monitor  was  the  provision  for  shaving 
an  alarm  level  of  activity  in  the  air.  If  a  full-scale  reading  occurred 
within  1  min  of  a  previous  change,  an  alarm  signal  was  activated  by 
relays  set  to  function  at  1  pc/cu  m  of  filtered  air.  When  full-scale 
readings  resulted  later  than  1  min  after  a  preceding  change,  a  warning 
light  indicated  the  presence  of  activity. 

The  device  for  detecting  beta  emitter  on  the  filter  paper  included 
two  thin-window  GM  tubes  placed  ^  in.  above  the  paper,  the  entire  counting 
head  and  collection  assembly  being  surrounded  by  a  lead  snield  ^  in. 
thick.  It  had  been  shown  in  the  laboratory  that  such  a  shield 
reduced  gamma  radiation  from  an  external  field  of  several  r/hr  to  an 
acceptable  level.  In  this  arrangement  beta  particles  from  the 
collector  paper  could  pass  through  both  tubes  in  series  and  initiate  a 
coincidence  count;  since  external  gamma  radiation  was  not  expected  to 
count  in  coincidence,  this  minimized  gamma  background.  The  output  signal 
from  the  coincidence  circuit  passed  through  a  discriminator  and  into  a 
rate -meter-recorder  arrangement.  Activity  on  the  paper  was  conq>ared  with 
the  readings  from  standard  samples  of  Sr-Y90  by  calibration. 
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7.4  OPERATIONS 


Two  similar  air  monitors,  neither  of  which  was  congpletely  tested 
before  shipment,  were  used  at  the  site.  One  was  mounted  on  the  flying 
bridge  deck  of  the  YAG  40  and  set  to  collect  samples  at  30-min  intervals. 
The  other  was  located  in  barracks  on  Site  Elmer.  It  was  calibrated  at 
intervals  and  was  operated  manually. 


7.5  RESULTS  AND  DISCUSSION 

Data  taken  on  Shots  1,  2,  and  4  are  given  in  Tables  7*1  through  7*4. 
The  air  monitor  on  the  flying  bridge  of  the  YAG  40  was  set  to  collect 

TABLK  7.1  SHOT  1  BETA  ACTIVITY  03  THE  jTLYIKJ  BBHX3E  0?  T33  YAG  40 


Sample 

Number 

T- . 

Mesa  Time 

!  of 

Collection 
After  tn 

1  (hr) 

Klcrocuriet 
on  Sample 

at  tQ  1  557 
hr 

)ic/cu  > 
at  t0  1 

557  hr 
(appr~A.) 

Theoretical 

Multiplier 

pc/cu  a  at 
Collection 
Time 

8 

1 

0.000 

0.0000 

1000 

0.00 

9 

1.5 

0.001 

0.0001 

620 

0.09 

10 

2 

0.008 

0.0007 

**55 

0-12 

11 

■ 

0.024 

0.0020 

355 

0.70 

12 

3 

0.018 

0.0015 

300 

0.45 

14 

3-5 

0.018 

0.0015 

26o 

0.39 

15 

4 

0.014 

0.0012 

235 

0.26 

16 

4-5 

0.013 

C-COU 

215 

0.24 

19 

5 

0.014 

0.0012 

200 

0.24 

20 

5.5 

0.013 

0.0011 

185 

0.20 

21 

6 

0.013 

0.0011 

175 

0.19 

22 

6.5 

0.006 

0.0005 

165 

0.08 

23 

7 

0.007 

0.0006 

155 

0.00 

24 

7.5 

0.003 

0.0002 

146 

0.03 

25 

8 

0.003 

0.0002 

139 

0.03 

26 

8.5 

0.003 

0.0003 

132 

0.04 

27 

9 

0.018 

0.0015 

126 

0.19 

26 

9.5 

0.029 

0.0024 

120 

0.29 

29 

10 

0.039 

0.0033 

115 

O.38 

30 

10.5 

0.045 

O.OO38 

110 

0.42 

31 

n 

0.042 

0.0035 

106 

0-37 

32 

11.5 

0.053 

0.0041* 

103 

0.45 

33 

12 

0.064 

0.0054 

100 

0.34 

35 

12.5 

0.059 

0.0049 

97 

0.48 

36 

13 

0.072 

0.0060 

•94 

0.56 

38 

i.3-5 

0.064 

0.0054 

91 

0.49 

39 

14 

0.057 

0.0048 

38 

0.42 

40 

14.5 

0.054 

0.CO45 

85 

O.38 

41 

15 

0.059 

0.0049 

83 

0.4l 

43 

15.5 

0.064 

0.0054 

81 

0.44 

45 

lb 

0.072 

0.0060 

79 

0.47 

46 

16.5 

0.064 

0.0054 

77 

0.42 

47 

17 

o.olo 

0.0039 

75 

0.29 

Sample 

48 

r  stopped. 

33 

0.017 

0.0015 

40 

0.06 

49 

33-5 

0.015 

0.0013 

39 

o.os 

50 

34 

0.024 

0.0020 

16 

0.08 

Si 

34.5 

0.003 

0.0002 

38 

0.01 

52 

35 

0.003 

0.0002 

36 

0.01 

lav 

hO.  5 

0.015 

0.0013 

3? 

0.04 

All  other  samples  lo*. 


30-min  samples  from  Shots  1  and  4  and  40-min  samples  from  Shot.  2.  At 
Shot  4,  the  monitor  was  set  to  record  beta  buildup  on  filter  paper;  but 
failure  of  the  equipment  prevented  making  these  records,  and  only  the 
30-min  samples  were  obtained.  The  air  monitor  in  the  barracks  was 
operated  manually  to  obtain  the  beua  buildup  on  filter  paper. 
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Beta  activity  on  samples  taken  at  Shot  1  was  determined  with  a 
proportional  counter  at  (tQ  £  557  hr);  at  Shot  2,  at  (tQ  £  201^  hr); 
and  at  Shot  U,  at  (tQ  £  1750  hr). 

The  theoretical  decay  curves ,  shown  in  Figure  7*1  were  used  to  yield 
multipliers  that  would  give  the  approximate  sample  strength  at  the  time 
of  collection.  Information  for  these  curves  was  obtained  from  Project  2.5 
and  2.6  personnel  at  the  site. 

The  data  are  given  principally  for  the  record,  and  little  attempt 
has  been  made  to  interpret  them  phenomenologically.  They  axe  plotted 
in  Figures  7*2  and  7*3*  together  with  information  on  the  corresponding 
gairrna  intensity  obtained  by  another  group  in  the  project.  One  interesting 
point  in  the  histograms  is  the  appearance  of  secondary  peaks  of  beta- 


TABLE  7.2  SHOT  2  BETA  ACTIVITY  ON  C  PLYING  BRIDGE  OF  THE  YAG  to 


Sa«5)le 

Number 

r-  “  ‘  - 

Mean  Time  j 
of 

Collection 
After  t0 

r  _(hr)  4 

Microcurie* 
on  Sample  at 
t0  1  20l|  br 

T - T 

1  , 

;  p.c/cu  m  at  1 

1  t0  f  201  hr  ; 
(approx.) 

I 

Multiplier 

pc/eu  m  at 
Collection 

Time 

1-8 

1.6 

0.000 

i  ! 

!  0.0000 

120 

0.00 

1-9 

2.3 

0.002 

i  0.0001 

So 

0.01 

1-10 

3.0 

0.034 

0.0021 

62 

0.13 

1-11 

3.6 

0.040 

0.0025 

52.5 

0.13 

1-12 

to3 

0.044 

0.0028 

45.5 

0.12 

1-13 

5.0 

0.043 

0.0027 

41.0 

C.ll 

1-14 

5*6 

0.047 

0.0029 

37.8 

0.11 

1-15 

6.3 

0.044 

,  0.0028 

34.6 

0.10 

1-16 

7.0 

0.318 

0.0199 

32.0 

0.64 

1-17 

7.6 

0.C52 

0.0033 

30.0 

0.1C 

1-lS 

8.3 

0.044 

0.0023 

28.0 

0.08 

1-19 

9.0 

O.O63 

0.0039 

26.2 

0.10 

1-20 

9.6 

0.170 

0.0106 

24.7 

0.26 

1-21 

10.3 

0.044 

0.0028 

23.2 

0.06 

1-22 

mo 

0.032 

0.0020 

21.9 

0.04 

1-23 

11.6 

0.069 

0.0043 

20.7 

0.09 

1-24 

12.3 

0.044 

0.0028 

19. 8 

0.05 

1-25 

13.0 

0.016 

0.0010 

19.O 

0.02 

1-26 

13.6 

0.015 

0.0009 

18.3 

0.02 

1-27 

lto3 

0.014 

0.0009 

17.6 

0.02 

1-28 

15.0 

0.016 

0 . GOiO 

17.0 

0.02 

1-29 

15*6 

0.021 

0.0013 

16.4 

0.02 

1-30 

’6.3 

0.027 

0.0(1  lb 

45.9 

0.03 

i-3i 

17.0 

O.I30 

O.OO85 

15-5 

o.-i 

1-32 

17. b 

O.O58 

0.003b 

15.1 

0.05 

1-33 

18.3 

25.0 

1.56 

14.7 

22.9 

j-34 

19.  ■- 

0.300 

0.0138 

17 

O.32 

Samples  1-33  and  1-34  shewed  that  the  filter  paper*  had  been  soaXed, 
ind. eating  that  a  rainstorm  had  probably  washed  contaminated  material 
frea  nearby  strectu.es  into  air  rntaXe. 


emitter  concentrations  occurring  after  the  first  peak.  It  seems  that 
fractionation  by  sizes,  with  slower  settling  of  smaller  particles,  may 
explain  the  occurrence  or  such  high  levels  without  a  corresponding  rise 
in  the  gamma  intensity.  As  was  stated  earlier,  the  gamma  background  due 
to  beta  emitter  concentrations  considerably  higher  than  those  observed 
would  lead  to  negligible  increases  in  the  gamma  intensity  while  still 
being  el'  interest  as  internal  hazards. 

In  general,  the  data  taken  on  the  YAG  40  indicate  that  the  airborne 
beta-emitter  concentration  is  often  independent  of  the  background  gamma 
level.  An  initial  background  buildup  seems  to  occur  after  the  first  air¬ 
borne  contamination  is  detected,  as  was  noted  particularly  on  Elmer.  The 
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TABLE  7-3  BUILD-UP  OP  BETA  ACTIVITT  OH  FTL1 
_ IH  BARRACKS  01  SIB  ELMER,  SHOT  2 


J 


2s 

\T\ 

$5 


3 

1 

<3 

>> 
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5-50  |  21.2  1.60  255  0.03 


occurrence  of  airborne  contamination  may  perhaps  be  used,  to  infer  the 
forthcoming  buildup  of  gamma  emitter. 

The  mechanical  and  electrical  features  of  the  two  monitors  operated 
very  veil  and  can  be  depended  upon  in  any  later  design  of  the  change 
mechanism  and  the  timing  arrangements. 

In  practice  it  was  found  that  the  coincidence  circuit  was  not 
satisfactory.  The  tubes  were  received  from  the  manufacturer  too  short 
a  time  before  being  put  into  the  detector  to  make  a  proper  study  of  their 
characteristics.  They  were  found  to  receive  too  much  gamma  radiation  to 


[fli] 


TIME  (HR) 

Figure  7»1  Theoretical  beta  decay  curves  for  Shots  1  and  2 

allow  sufficient  operating  time  for  true  coincidences  to  occur  when 
simultaneous  beta  traces  activated  hem.  In  the  field,  the  coincidence 
feature  was  abandoned  in  both  installations;  hence,  the  alarm  system  was 
not  operative  since  it  was  triggered  by  a  signal  from  the  detector. 

Instead  of  the  coincidence  system,  a  single  tube  surrounded  with  lead  was 
operated  directly  into  a  Nuclear  lol>B  ratemeter  and,  thence,  tc  an 
Esterline -Angus  recorder.  Such  an  instrument  should  be  useful  in  roentgen 
fields  of  0.5  r/hr  background,  as  shown  by  shielding  ratios  w^th  lead, 
particularly  if  a  simple  method  for  inserting  a  beta-calibration  source 
in  the  counting  head  can  be  devised. 
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TIME  AFTER  To  (HR) 


7.6  CONCLUSIONS 


It  is  concluded  that  determination  of  beta-activity  on  a  filter 
paper  cannot  be  managed  in  fields  greater  than  0.5  r/hr  without  redesign 
of  the  shielding  to  reduce  the  intensity  of  scattered  radiation  reaching 
and  saturating  the  Geiger  tubes  used  as  sensitive  detectors.  In  low- 
background  regions,  however,  the  combination  of  single  tube  with  adequate 
shielding  and  rate me ter -recorder  combination  can  be  used  as  a  me  ter - 
warning  device,  which  easily  indicates  the  presence  of  10”^  curies  of 
beta  activity  per  cubic  meter  of  air  (see  Table  7.3  footnote).  Such  a 
device,  when  combined  with  the  mechanical  and  electrical  paper  change 
system,  gives  satisfactory  warning  of  the  presence  of  beta-emitter  or 


Figure  7-3  Airborne  beta  contamination  at  Site  Elmer  at 
collection  tine. 


incipient  buildup  of  gamma -emit ter  in  regions  where  gamma  background 
is  less  than  \  r/hr. 

7-7  RECOMMENDATIONS 

Before  the  air-monitor  with  the  eaily  warning  feature  can  be  con¬ 
sidered  satisfactory  for  use  in  relatively  high  fields,  some  further- 
work  should  be  done  on  the  detectoi  system  to  diminish  its  sensitivity 
to  low-energy  scattered  radiation  or  to  high-energy  transmitted  gamma 
intensity.  Methods  for  studying  the  tubes  and  the  effect  of  a  proper 
disposition  of  baffles  have  been  planned. 
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Chapter  8 

INSTRUMENTATION 


M.  I.  Lipanovich  H.  A.  Zagorites 

K.  F.  Sinclair  H.  Bright 

D.  W.  Berte 

The  shipboard  gamma  system  is  used,  in  conjunction  vith  a  data 
reduction  system,  to  provide  long-term  continuous  information  relative 
to  radiation  fields.  The  instrument  consists  of  a  series  of  ionization 
chambers,  associated  electrometer  and  relay  circuitry,  and  Es ter line - 
Angus  pen-type  operational  recorders.  The  system  is  the  autorecycle 
type]  so  that,  as  each  increment  of  radiation  is  received  and  recorded, 
the  chamber  is  recharged  to  its  original  voltage.  The  information  for 
each  chamber  is  stored  as  a  simple  pulse,  each  pulse  corresponding  to 
the  basic  increment  of  gamma  radiation  for  the  given  chamber.  The  basic 
chamber  increments  are  0.1  mr,  10  mr,  1  r,  and  100  r,  thus,  covering  the 
range  from  0.1  mr/hr  to  10,000  r/hr  if  one  chamber  of  each  type  is  used. 

The  data-reduction  apparatus  is  used  to  convert  the  recorded  data, 
which  are  discontinuous  analog  information,  into  continuous  analog  plots 
of  accumulated  dose  and  dose  rate  as  functions  of  time.  The  accumulated 
dose  and  dose  rate  can  he  plotted  as  linear  or  logarithmic  functions 
with  linear  or  logarithmic  time  bases. 


8.1  OBJECTIVE 

The  purpose  of  the  instrumentation  phase  of  Project  6.4  was  to 
provide  a  system  for  obtaining  simultaneous  information  relative  to 
accumulated  gamma  dose  and  gamma  dose  rate  at  a  large  number  of  stations 
located  over  a  wide  area.  Test  needs  required  that  the  system  operate 
unattended  for  day3  and,  also,  that  it  provide  a  permanent  record  of  the 
gamma-field  conditions.  An  auxiliary  purpose  of  the  Instrumentation 
system  was  to  furnish  supplementary  data  for  certain  other  projects  of 
Operation  Castle. 


8.2  PRELIMINARY  SPECIFICATIONS 

Uncertainty  of  some  of  the  experimental  conditions  dictated  many 
of  the  specifications  for  the  instrumentation  system.  First  in  import¬ 
ance  was  the  curve  of  cumulative  dose  versus  time,  for  which  the  system 
had  to  provide  cumulative  dose  of  10°  r.  Furthermore,  the  system  had  to 
provide  a  plot  of  dose  rate  versus  time,  in  which  dose  rates  ranging 
from  0.1  ar/hr  to  36,000  r/hr  were  measured.  This  upper  limit  was  later 
reduced  to  10,000  r/hr.  An  accuracy  of  1  percent  was  originally  speci¬ 
fied  for  the  instrumentation  system. 
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To  cover  adequately  the  test  area,  137  instrument  stations  were 
specified.  In  addition,  three  stations  were  installed  adjacent  to  the 
instruments  used  for  Project  2.5a  to  correlate  Project  6.4  data  with 
those  from  Project  2.5a.  Since  many  of  the  locations  were  in  exposed 
areas,  suitable  coverings  had  to  be  provided  to  protect  the  instruments 
from  the  weather.  These  coverings  also  served  as  a  beta  shield,  so  that 
the  instruments  responded  only  to  gamma  radiation.  The  instrument 
stations  were  exposed  to  ambient  temperatures  ranging  from  50°F  to  120°F 
and  relative  humidity  of  90  percent. 

Design  of  the  power  supply  was  based  on  a  nominal  6-month  duration 
for  the  test  and  unattended  12 -day  operating  periods. 

Reliability  was  the  keynote  in  the  design  of  the  instrumentation 
system.  Precautions  were  taken  so  that  failure  of  any  one  instrument 
did  not  interfere  with  smother.  Separate  power  sources  and  recorders 
were  used  where  they  were  feasible.  Providing  means  of  avoiding  mis¬ 
leading  results  due  to  local  contamination  was  explored  throughout  the 
planning  of  the  instrumentation  systems. 


8.3  METHOD  OF  ATTACK 

In  the  instrumentation  system,  autorecycling  ion  chambers  were  used 
to  gather  the  large  amount  of  data  in  discontinuous  analog  form,  and  a 
data-reduction  apparatus  (DRA)  was  devised  to  reduce  it  to  a  continuous 
function.  The  ion  chambers  were  designed  to  recycle  after  receiving  a 
predetermined  cumulative  dose.  A  recorder  indicated  when  the  recycling 
occurred.  Because  the  gamma  dose  rates  ranged  from  0.1  mr/hr  to 
10,000  r/hr,  each  instrument  required  four  ion  chambers.  Each  of  these 
provided  information  over  2  decades.  Some  overlap  between  ranges  was 
provided  to  allow  cross  calibration  and  permit  the  data  to  be  normalized 
when  necessary.  The  recorders  were  pen-and-ink  type.  Parallel  recording 
oi  the  detectors  comprising  a  station  was  provided  to  insure  against  loss 
of  data  due  to  failure  of  the  recorder. 

The  DRA  was  devised  to  perform  two  types  of  computations  and  plot 
the  required  curves.  It  computed  the  cumulative  dose  by  summing  and 
weighting  the  recorded  dose  increments  and  computed  the  dose  rate  by 
measuring  the  time  between  recorded  pulses.  The  time  between  recorded 
pulses  was  inversely  proportional  to  the  dose  rate. 

Design  and  development  considerations  leading  to  the  adoption  of  this 
method  of  attack  on  the  instrumentation  problem  are  discussed  in 
Appendix  F. 

8.4  DESCRIPTION  OF  THE  INSTRUMENTATION  SYSTEM 

The  extent  of  the  instrumentation  system  is  indicated  in  Figure  8.1, 
which  shows  the  station  locations  on  the  two  test  ships. 

The  instrumentation  system  consisted  of  two  parts:  the  gamma 
recording  instruments  and  the  DRA.  The  DRA  was  set  up  and  used  at  the 
site,  then  dismantled  and  returned  to  NRDL,  where  it  was  used  to  complete 
the  analysis  of  the  data  from  Project  o.4. 

8.4.1  Gamma-Recording  Instruments.  The  gamma-recording  instruments 
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consisted  essentially  of  a  lai ge  number  of  similar  units,  each  having  an 
ionisation  chamber,  an  electrometer  circuit,  a  power  amplifying  device, 
and  a  recorder.  Figure  8.2  is  a  schematic  diagram  of  a  gamma  field 
recording  instrument.  As  is  evident  from  this  diagram,  the  instrument 
is  an  autorecycling,  integrating,  ionization  chamber  system.  A  type 
5800  tube  is  used  as  a  conventional  inverted  triode.  The  input  element 


5836 


Figure  8<2  Simplified  schematic  of  the  gamma-detector 
channel. 

is  Gp,  and  the  output  current  signal  is  taken  from  Gp.  The  Sensitrol, 1 
a  meter  movement -type  relay  is  the  power  amplifying  device.  The  Sensitrol 
is  biased  by  a  back  current  set  by  the  lower  calibration  adjustment.  This 
hack  current  determines  the  output  current  from  the  electrometer  required 
to  energize  the  amp  Sensitrol,  The  recycle  reiay^  is  shown  in 
Figure  8.3.  The  Sensitrol  energizes  the  recycle  relay,  which  in  turn  $ 

energizes  the  recorder  momentarily,  recharges  the  ion  chamber  through  the 


1 

2 
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Figure  8.3  The  recycle  relay. 


special  coiled  spring  contact,  resets  the  Sensitrol,  and  charges  the  delay 
capacitor.  The  potential  of  the  delay  capacitor  is  applied  to  the  plate 
of  the  electrometer.  The  electrostatic  field  generated  by  this  plate 
prohibits  current  from  flowing  to  the  output  uube  element,  regardless  of 
the  potential  on  Gg.  The  delay  capacitor  discharges  through  the  delay 
resistor  and  requires  about  7  sec  to  reach  a  potential  sufficiently  low 
that  output  current  can  flow  in  the  electrometer  tube.  The  5886  tube 
clamps  the  electrometer  tube  plate  at  zero  volts  after  the  delay  capacitor 
lias  discnargcd  to  permit  proper  Inverted  triod  operation  in  the  electro¬ 
meter. 

To  cover  a  range  of  0.1  mr/hr  to  10,000  r/hr  required  four  ioniza¬ 
tion  chambers  at  each  station.  These  chambers  were  designated  A,  B,  C, 
and  D  and  had  increments  of  0.1  mr,  10  mr,  1  r,  and  100  r,  respectively. 
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The  differences  between  the  detectors  were  chamber  volume,  gas  pressure, 
and  size  of  the  integrating  capacitor.  Table  8.1  lists  these  differences. 
The  capacitors  in  the  B,  C,  and  D  chambers  were  accurate  to  within  f  1 
percent.  The  A  detector  depended  upon  stray  capacities,  which  were~not 
so  accurately  maintained,  k  radiological  calibration  of  each  chamber 
showed  that  1  percent  accuracy  could  not  be  obtained,  if  identical  swing 
voltages  were  employed,  because  of  slight  differences  in  chamber  pressures. 


TABLE  8.1  CHARACTERISTICS  OP  THE  IOR  CHAMBERS 


Detector 

Chamber 

InteKratirw 

Volume  1 

| 

Pressure 

(atm) 

Gas 

Capacitor 

A 

t 

1.2  liters  ! 

10 

98*  »2;2*  He 

j 

lOnjif 

B 

1 

1.2  liters  i 

2 

9851  N2;2*  He 

100  p  p  f 

C 

i.2  liters  : 

2 

90*  N2;2*  He 

0.01  u  f 

D 

8  cc 

2 

90*  H2,2*  He 

i  0.01  u  f 

J _  _  . 

The  swing  voltage  is  that  voltage  across  the  chamber  and  integrating 
capacitor  that  is  discharged  by  the  chamber  current.  Increasing  the 
swing  vol tage  increases  the  charge  required  to  discharge  the  chamber  and 
capacitor,  thereby  increasing  the  instrument  increment.  To  compensate 
fer  differences  in  chamber  pressur  -s  and  stray  capacities,  a  different 
swing  voltage  was  used  for  each  chamber,  so  that  the  increments  were 
accurate  within  £  1  percent.  The  swing  voltage  is  adjusted  by  means  of 
the  upper  calibration  adjustment. 

Although  each  detector  covered  two  decades  of  information,  all 
detectors  were  continuously  recorded.  The  maximum  recycle  rate  at  which 
information  was  to  be  used  was  1  cycle  every  10  sec.  The  7-sec  dead  time 
caused  by  the  delay  circuitry  gave  a  sufficient  margin  of  safety  to  permit 
usual  variations  in  components  of  standard  commercial  accuracy.  When  or.e 
chamber  was  recycling  once  every  10  sec,  the  next  higher  chamber  recycled 
once  every  1,000  sec  (l6.7  min).  This  arrangement,  gave  data  points  with 
sufficient  frequency,  yet  did  not  require  an  unduly  large  number  of 
detectors. 

The  gamma  instruments  were  installed  as  two  units:  the  detectors 
were  mounted  at  the  test  points  and  the  control  units  were  placed  at 
some  distance  in  an  air-conditioned  room.  The  two  sizes  of  detectors 
are  shown  in  Figure  8.4;  detectors  A,  B,  and  C  were  the  same  size,  and 
D  was  much  smaller.  The  portion  of  the  electronics  in  Figure  8.2  shown 
within  the  dotted  line  was  contained  within  tne  detector  housing.  The 
electronics  mounted  on  the  detector  base  plate  are  shown  in  Figures  8.5 
and  8.6.  The  lead  cylinder  shown  in  the  latter  figure  contains  the 
integrating  capacitor.  This  lead  shield  was  required,  because  the 
capacitor  leakage  resistance  diminished  in  radiation  fields.  The  teflon 
center  post  made  contact  to  the  chamber  collecting  electrode. 

A  typical  detector  installation,  with  and  without  the  protective 
dome,  is  shown  in  Figures  8.7  and  8.8.  The  chambers  were  sealed,  and  a 
short  length  of  cable  was  brought  out  through  the  base  plate.  A  12 -wire 
cable  connected  the  detector  to  the  control  unit.  The  latter  figure  also 
shows  the  polyethylene  beta  ^iield  used  on  each  detector.  This  shield 
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Figure  8.4  Two  sizes  of  the  four  detectors;  A,  B,  and  C 
were  the  larger  ones,  D,  the  smaller. 

was  4-in.  thick. 

The  energy  response  to  the  detectors  is  shown  in  Figures  8.9  and 
8.10.  The  low  energy  response  of  A  differs  from  that  of  B  and  C 
because  of  chamber  wall  thickness.  Chamber  A  was  filled  to  10  atmospheres 
and  required  a  l/l6-in.  aluminum  wall;  chambers  B  and  C  had  l/32-in. 
aluminum  walls.  Chamber  D  was  covered  with  0.006-in.  lead  foil  to  improve 
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Figure  8.5  Detector  electrometer  assembly  showing  main 
relay  and  teflon-insulated  center  post. 


255 


CONFIDENTIAL 


Figure  8.8 
removed. 


Typical  be  low -deck  garnet  detector  with  cover 
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Figure  8.9  Low  energy  response  of  detectors  A,  B,  and  C. 

the  energy  response  of  this  detector. 

The  control  units  were  mounted  in  an  air-conditioned  room,  together 
with  the  recorders.  Four  control  units  were  mounted  in  a  horizontal  row 
for  the  four  detectors  of  a  station.  Five  such  rows  were  contained  in 
any  single  control -unit  assembly.  The  groups  of  fuses  on  the  right  of 
the  front  panel  were  common  to  all  detectors  in  a  station.  Each  channel 
had  a  separate  filament  switch.  A  telephone -type  jack  was  used  in  the 
electrical  calibration  of  a  channel.  A  calibrating  unit  was  plugged  into 
the  Jack,  so  that  the  Sensitrol  bias  current  and  the  swing  voltage  could 
be  measured  and  adjusted.  A  60-wire  cable  was  used  to  interconnect  each 
station.  All  conponents  except  batterieB  were  mounted  on  the  hinged 
front  panel  of  the  assembly ;  dry  batteries  were  contained  in  the  rear. 


Figure  8.10  ^y  response  of  detector  D. 

259 


CONFIDENTIAL 


The  20  pen-and-ink  type  recorders^  were  used.  Two  recorders  were 
mounted  in  a  single  case.  Each  recorder  accommodated  five  detector 
stations.  Since  some  stations  did  not  use  four  basic  detectors  because 
of  limited  range  requirements  at  their  locations,  all  recorders  had  at 
least  one  unused  channel.  The  recording  pens  were  energized  by  solenoids. 
When  these  are  energized,  the  pen  moves  to  the  right.  Since  the  pens 
were  energized  momentarily,  the  record  was  a  trace  with  pulses  indicated 
on  the  right  side.  Figure  8.11  shows  a  typical  recorder  chart. 

The  recorders  required  1*8  v  direct  current  for  their  operation. 


Figure  8.11  Typical  recorder  chart. 


Because  the  current  requirements  were  too  heavy  for  dry  batteries,  lead- 
acid  storage  batteries  were  used.  Lead-acid  storage  batteries  were  also 
used  for  electron  tube  filament  power.  Six-volt  batteries  were  used,  and 
a  resistor  was  placed  in  series  with  the  tube  filaments.  This  resistor 
gave  some  filament  regulation.  A  battery  charger  used  to  trickle  charge 
both  the  48 -v  and  6-v  battery  bank6  whenever  alternate  current  power  was 
available. 

Figure  8.12  shows  two  racks  of  equipment  in  the  control  unit  or 
recorder  room.  The  trickle  chargers  are  at  the  top.  One  43-v  and  one 
6-v  battery  bank  served  as  power  sources  for  two  control-unit  assemblies. 
Consequently,  one  charger  per  rack  was  sufficient.  Two  control -unit 
assemblies  and  two  recorders  occupied  the  rest  of  the  rack.  Some  of  the 
Sensitrols  masked  off  in  the  figure  are  for  unused  detector  channels  at 
various  stations,  others  indicate  faulty  Sensitrols.  Figure  8.13  shows 
ai  1  the  control-unit  racks  in  the  control  room.  The  two  racks  in  the 
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Figure  8.12  Two  complete  instrument  ruck  installation. 

Top,  charger  power  panel,  Belov,  upper  control  assembly, 
recorder  and  lover  control  assembly. 

foreground  contain  spare  recorders  used  to  obtain  duplicate  records  of 
all  data. 

The  system  recorded  all  data  in  duplicate. 

8.4.2  Data -Reduct ion  Apparatus  (DRA).  Since  the  amount  of  data 
collected  by  the  gamma-field  recording  instruments  vas  too  large  to 
reduce  by  manual  means,  the  data -reduction  apparatus  vas  developed  to 
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Figure  8.13  Complete  recorder-room  installation. 
Duplicate  recorders  are  mounted  in  the  tvo  racks 
at  the  right. 


reduce  the  raw  data  mechanically.  A  simplified  block  diagram  of  the  DRA 
is  shown  in  Figure  8.l4.  The  raw  data  on  the  input  tapes  are  converted 
into  electrical  impulses  by  the  photoelectric  system  in  the  tape  reader 
The  desired  station  is  selected  by  choosing  the  appropriate  group  of 
traces  in  the  20 -channel  patch  panel.  The  two  to  four  signals  chosen  are 
amplified  and  shaped  in  the  control  unit,  where  rate-scale  selection,  with 
or  without  prescaling,  is  made  and  the  decimal  multiplier  coded  pips  are 
produced.  The  dose  unit  automatically  integrates  and  weights  raw  input 
data,  yielding  both  linear  and  logarithmic  dose  data  for  curve  plotting. 


c 

c 


Figure  8.14  Simplified  block  diagram  of  the  data-reduction 
apparatus . 


The  rate  unit  computes  the  normalized  reciprocal  of  time  between  pulses, 
producing  both  linear  and  logarithmic  dose  rate  date  for  curve  plotting. 
The  log  time  base  generates  a  resit  tance  signal  for  the  time  axis  of  an 
X-Y  plotter,  which  is  linear  with  the  logarithm  of  time  over  3  decades 
that  cover  1  hr  of  computing  time.  The  1  hr  of  computing  time  equals 
100  hr  of  actual  time.  The  charts  in  the  recorder  are  100  ft  long  and 
move  at  1  ft/hr.  The  100-to-l  speed-up  was  the  maximum  practical  limit 
of  this  ratio.  Figure  8.15  shows  a  front  view  of  the  DRA. 

The  tape  reader  and  patch  panel  are  shown  in  Figure  8.l6.  The  drive 
mechanism  is  a  modified  Esterline -Angus  recorder  having  a  high-speed 
electric  drive.  The  chart  passes  through  the  photoelectric  readout  where 
transmission  optics  are  used  to  read  20  traces  simultaneously,  thereby 
avoiding  mechanical  design  complications.  The  traces  are  illuminated  by 
20  tiny  surgical  lamps  set  behind  a  cylindrical  focusing  lens  and  slit. 
Type  1  P  42  phototubes  are  used  as  the  photoelectric  transducer.  The 
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Figure  8.15  Front  viev  of  the  data-reduction  apparatus. 

The  control  unit  is  the  third  panel  down  in  the  middle 
rack. 

output  of  these  tubes  drive  individual  cathode  followers,  using  10  sub- 
miniature  dual  triodes  (CK  6lll).  The  outputs  of  the  cathode  followers 
are  electrically  equalized. 

The  patch  panel  is  a  20-cable  standard  telephone  switchboard  strip. 
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The  two  to  four  traces  which  constitute  the  record  at  a  station  are  chosen 
in  the  patch  panel.  These  signals  are  amplified  and  shaped  in  the  control 
unit.  The  amplifiers  discriminate  against  noise.  One  of  the  signals  is 
selected  in  the  eight-level,  eight-position  bidirectional  stepping  switch. 
This  signal  performs  two  basic  functions:  (l)  drives  dose  accumulator 
in  the  dose  unit  and  (2)  drives  electronic  circuitry  in  the  rate  unit. 

The  amplifiers  and  shapers  are  plug-in  units  labeled  A  on  the  upper 
portion  of  the  chassis;  the  bidirectional  stepping  switch  is  at  the  left 
of  center .  To  avoid  errors  from  loss  of  a  portion  of  an  increment  in 
switching  from  one  trace  to  another,  all  switching  occurs  at  the  actual 
instant  of  reading  the  higher  pulse  of  the  two  traces  between  which  the 
unit  is  shifting.  Positioning  of  the  bidirectional  stepping  switch  is 
done  in  a  semiautomatic  controller  with  mutually  exclusive  upscale  and 
downscale  circuitry. 

No  scale  smoothing  is  used  to  the  dose  unit,  i.e.,  the  10-decade 
storage  bank  is  driven  directly  by  the  channel  chosen  by  the  bidirectional 
stepping  switch.  Decade -scale  smoothing  is  used  for  the  rate  unit.  A 
minimum  of  1  sec  is  required  to  print  a  new  point  on  the  curve  and  reset 
the  computer  circuitry.  The  pulses  occur  on  the  trace  at  a  minimum  of 
1C  sec  of  real  time,  which  equals  0.1  sec  computer  time  because  of  the 
100-to-i  stepup.  Consequently,  at  pulse  spacings  of  less  than  100  sec, 
a  computation  for  dose  rate  is  made  on  every  tenth  point.  The  bidirectional 
stepping  switch  directs  the  raw  input  into  a  channel  containing  an  elec¬ 
tronic  decade  device  for  scale  smoothing. 

The  control  unit  also  contains  decimal  side  pen-marker  pulse  genera¬ 
tors  for  both  dose  and  dose  rate.  Each  circuit  contains  a  stepping  relay, 
which  operates  at  a  low  speed  set  by  an  RC  delay  circuit  that  may  be 
changed  with  curve  plotter  time  base  rate  in  order  to  maintain  pip  spacing 
at  a  convenient  value.  The  stepper  returns  to  its  home  position  at  each 
scale  change,  then  steps  at  an  appropriate  rate  until  its  position  matches 
that  of  the  bidirectional  stepping  switch.  Each  of  the  latter  steps 
generates  a  side-pen  pip  in  the  appropriate  circuit. 

The  dose  computer  is  the  second  panel  from  the  bottom  of  the  middle 
rack  in  Figure  8.15.  As  each  pip  on  a  raw  data  chart  represents  one 
increment  of  electrical  charge  through  an  ionization  chamber  and,  hence, 
one  increment  of  radiation  dose,  the  total  dose  at  any  time  is  simply  the 
weighted  running  total  of  pips  on  the  various  traces,  totalizing  from 
only  one  trace  at  a  time.  This  totalizing  is  accomplished  in  the  dose 
unit  by  a  10-decade  adding -machine -type  accumulator  or  register  having 
inputs  at  the  first,  third,  fifth,  and  seventh  decade  with  internal 
carryover.  When  totalizing  from  the  A  trace,  the  input  is  fed  to  the 
first  decade  B  trace  to  the  third,  C  trace  to  the  fifth,  and  D  trace 
to  the  seventh.  To  provide  three  significant  figure  readout,  a  3_<iecade 
follower  relay  bank  looks  through  an  interconnecting  relay  matrix  and 
matches  the  three  highest  decades  in  the  totalizer  which  contain  data. 

The  follower  relays  switch  a  precision  resistor  matrix  in  such  a 
manner  that  the  resis*'nce  between  the  moving  contact  and  one  end  of  the 
matrix  is  proportional  to  the  number  of  increments  indicated  by  the 
follower  relay  bank.  The  curve  plotter  is  an  electronic  recorder-^- 
connected  to  the  precision  resistor  matrix  as  a  resistance  follower.  Full 
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scale  on  the  10-in. -wide  chart  is  4  x  1QP,  where  n  ranges  from  1  to  9  and 
the  unit  is  the  smallest  increment  of  dose,  0.1  mr.  The  curve  plotter 
covers  1  decade  of  dose.  The  scale  and  charts  are  calibrated  0  to  40, 
and  only  the  central  80  percent  of  the  scale  is  used.  The  interconnecting 
relay  matrix  advances  the  follower  relays  one  step  when  the  indicated 
dose  is  greater  than  36.0.  The  curve  plotter  goes  to  a  point  equal  to 
3.61  (shift  always  occurs  at  the  next  increment  above  36. 0)  and  the  side 
pen  marker  associated  with  the  dose  curve  designates  a  new  decimal  multi¬ 
plier.  Because  the  integrated  dose  is  always  increasing,  no  downscale 
switching  is  required  for  the  dose  curve  plotter. 

The  rate  unit  is  the  second  panel  from  the  top  of  the  middle  rack 
of  Figure  8.15.  The  rate  unit  confutes  the  dose  rate  by  measuring  the 
time  between  dose  increments.  Thus, 

Average  dose  rate  over  the  time  interval  ■  D°se  accumulated  # 

Time  interval 

The  dose  accumulated  equals  the  weighted  value  of  the  dose  increment 
and  is  known  from  the  position  of  the  bidirectional  stepping  switch. 
Consequently,  the  dose  rate  is  inversely  proportional  to  time  between 
increments.  The  system  is  designed  to  handle  a  range  of  1  to  12  sec 
computor  time,  corresponding  to  a  range  of  100  to  1200  sec  of  actual 
time.  The  decade  scaling  on  the  control  unit  permits  computation  on 
actual  time -pulse  intervals  ranging  from  10  to  1200  sec.  When  decade 
scaling  is  used,  the  dose  rate  computed  is  the  average  dose  rate  for 
10  dose  increments^ 

Although  the  inverse  time  confutation  is  an  analog  problem,  it  iB 
performed  by  digital  techniques.  Consider  a  switch  to  be  closed  during 
a  time  interval  that  is  to  be  measured.  During  this  interval,  constant- 
frequency  pulses  are  fed  through  the  switch  into  a  binary  counter  chain. 

At  the  end  of  the  interval,  there  rests  in  the  counter  chain  a  binary 
number  that  is  proportional  to  the  elapsed  time.  Now  if  each  binary  digit 
switches  a  conductance  which  is  proportional  to  the  weight  of  the  digit 
into  a  constant-current  shunt  circuit,  then  the  voltage  appearing  across 
the  combined  shunt  network  will  be  proportional  to  the  inverse  of  the 
number  of  counts  in  the  binary  chain.  Thus, 

V0ut  =  —  where  V  is  the  output  voltage.  At  is  the  time 

At,  interval  and  K  is  a  constant. 

The  tape-reader  drive  is  a  synchronous  motor.  To  prevent  errors 
from  power-line  frequency  changes,  the  constant-frequency  pulses  were 
derived  from  the  power  line.  The  basic  frequency  is  tripled,  and  the 
binary  chain  counts  l80-cps  pulses.  At  the  end  of  the  timing  interval, 
the  l80  cps  input  is  removed,  and  a  bank  of  thyratrons  are  converted  to 
the  binary  plates.  If  a  count  is  in  the  binary,  the  thyratron  is  fired. 

The  relays  in  the  plate  circuits  of  the  thyratrons  then  switch  in  appro¬ 
priate  precision  resistors.  The  curve  plotter  is  connected  to  the  output 
of  the  rate  unit  as  a  recording  potentiometer. 

The  log-dose-rate  computation  is  performed  in  a  manner  similar  to 
the  linear -dose -rate  confutation.  The  log-resistor  network  consists  of  a 
31-section  ladder  attenuator  shaped  to  the  function,  log  K  . 

At 
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Thus,  the  log  curve  is  approximated  by  a  series  of  straight  lines 
that  are  correct  at  31  points  and  less  than  1  percent  in  error  at  other 
points.  The  log  network  furnishes  the  mantissa  for  the  log  curve.  The 
characteristic,  which  is  simply  a  fixed  ordinate  shift  for  each  decade 
change,  is  obtained  from  a  simple  L-pad  attenuator  connected  to  the 
bidirectional  stepping  switch  in  the  control  unit. 

The  time  unit  provides  the  necessary  time  signals  for  control  of 
the  other  parts  of  the  computer.  This  unit  is  the  top  panel  of  the 
middle  rack  in  Figure  8.15 •  The  curve  plotters  cannot  be  energized  at 
all  times.  The  rate  unit  is  reset  to  zero  after  every  computation;  if 
left  energized,  the  curve  plotters  would  also  return  to  zero.  If  a  pulse 
were  fed  into  the  dose  unit  while  the  plotter  is  still  energized,  the 
curve  plotter  would  make  violent  excursions,  due  to  the  transient. 
Consequently,  the  pen  motors  for  the  curve  plotters  are  normally  blocked. 
After  a  computation  is  finished,  the  time  unit  introduces  a  1-sec  dead 
time  into  the  rate  unit.  This  is  accomplished  by  counting  180  pulses 
of  a  l80-cps  pulse  train.  At  the  close  of  the  computation  interval  and 
the  beginning  of  the  1-sec  dead  time,  the  rate  unit  readout  is  energized, 
and  the  recorder  pen  motors  are  unblocked.  Since  the  recorder  pens 
require  0.5  sec  for  full-scale  deflection,  0.7  sec  are  allowed  for  the 
motors  to  operate.  At  the  end  of  0.7  sec  (126  pulses)  the  recorder  pen 
motors  are  blocked,  and  the  thyratron  readout  is  reset.  At  0.9  sec 
(162  pulses),  the  binary  chain  is  reset.  At  1.0  sec  (l80  pulses),  a  new 
computation  period  is  started. 

The  log  time  base  unit  provided  a  3 "decade  logarithmic  time  base  for 
a  curve  plotter.  A  stepwise  approximation  to  a  log  time  base  was  used. 
The  times  involved  were  0.001  to  0.01  hr  for  the  first  decade,  0.01  to 
0.1  hr  for  the  second,  and  0.1  to  1.0  hr  for  the  third,  actual  computer 
times.  The  first  decade  corresponded  to  0.009  hr,  or  32. ^  sec.  To  make 
the  log  time  base  power  line  synchronous,  97  steps  of  3/sec  were  used. 
This  actually  corresponds  to  32-33  sec  rather  than  32.^  sec.  The  second 
decade  moved  at  0.3  steps/sec  and  the  third  at  0.03  steps/sec.  The 
stepping  pulses  were  derived  by  dividing  the  power-line  frequency  by  20. 


8.5  PERFORMANCE  OF  THE  INSTRUMENTS 

The  gamma-field  recording  instruments  operated  for  approximately 
5  months.  During  any  single  operation,  at  least  70  percent  of  the 
instruments  functioned  properly.  Both  the  fabrication  and  installation 
of  the  instruments  were  hurried.  The  quality  of  the  workmanship  on  the 
instruments  left  much  to  be  desired.  Considerable  time  war  taken  to 
repair  many  of  the  instruments  after  their  initial  installation.  A 
radiological  calibration  before  and  after  the  tests  indicated  that  some 
detectors  remained  accurate  to  within  2  percent.  Many  had  changed 
calibration  because  of  gas  leakage  from  the  chambers. 

The  DRA  was  used  for  several  months.  Of  the  140  tubes  used,  many 
of  which  were  dual  tubes,  onry  two  failed,  both  of  these  during  the  first 
50  hr.  Some  difficulty  was  experienced  with  poor  relay  contacts.  All 
relays  werp  the  high-reliability  telephone  type.  The  output  relays  in 
the  precision  relay  matrices  Lad  fractional-vo.lt  potentials  across  the 
contacts.  These  low  voltages  were  not  sufficient  to  insure  breakdown 
of  the  surface  films  on  the  contacts. 
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8.6  CONCLUSIONS 


The  tests  proved  the  feasibility  of  monitoring  gamma  radiation  over 
large  areas.  The  instruments  described  above  were  satisfactory  for  the 
monitoring  task.  The  magnitude  of  analyzing  the  collected  data  vas  too 
great  for  handling  manually.  The  DRA  vas  a  satisfactory  means  of 
analyzing  the  data. 
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Chopter  9 

RADIOLOGICAL  SURVEYS  AND 
FALLOUT  PHOTOGRAPHY 


R.  C.  Barry  Hong  Lee 

Extensive  radiological  information  aboard  the  experimental  ships 
was  obtained  during  Operation  Castle  by  survey  teams  using  portable 
instruments.  Some  information  about  the  visual  characteristics  of  the 
fallout  was  obtained  through  photographs  made  with  a  l6-mm  movie  camera. 

Beta;  gamma-field,  and  directional -gamma  measurements  and  wipe 
samples  were  taken.  Data  sheets  issued  to  the  survey  teams  designated 
the  type  and  location  of  all  measurements.  Readings  were  taken  in  a 
prescribed  manner  at  premarked  locations  above  and  below  decks.  This 
procedure  minimized  the  radiological  exposures  of  the  relatively  untrained 
personnel  and  misinterpretations  of  the  data.  Survey  data  were  indivi¬ 
dually  checked,  corrected,  transferred  to  multiple  forms,  and  were  ready 
for  distribution  within  h  hr. 

Beta  and  directional-gamma  measurements  made  before  and  after 
decontamination  provided  the  basis  for  determining  the  effectiveness  of 
specific  decontamination  operations.  Gamma-field  measurements  furnished 
information  on  the  reduction  of  the  radiation  field. 

Fallout  photography  was  accomplished  with  a  shielded  l6-mm  movie 
camera,  which  snapped  a  photograph  every  30  sec.  The  target  space  was 
the  focal  region  of  an  intense  reflected  electronic  flash  light  beam. 

The  fallout  photography  showed  that  there  was  no  gross  fallout  on 
the  YAG  40  during  the  operating  time  of  the  camera  for  all  the  shots  in 
which  the  ship  participated.  A  few  particles  Jess  than  100  p  in  diameter 
were  photographed  in  Shots  1  and  5 • 


9.1  OBJECTIVE 

The  principal  objective  of  the  radiological  surveys  was  to  obtain 
radiation  data  throughout  the  test  ships  to  augment  that  from  the  fixed 
gamma  -detect  ion  stations.  Fallout  photography  -.as  attempted  to  determine 
its  feasibility  for  obtaining  information  on  fallout  characteristics  and 
correlation  between  he  time  intervals  for  visual  fallout  and  detection 
of  radiation  aboard  ship. 

The  radiological  surveys  requireu  measurements  of  the  following  types 

1.  Gamma  radiation:  (a)  field  intensities  3  ft  above  deck  (height 
for  measurement  of  whole -body  radiation)  in  weather-dec!  areas;  (b)  field 
intensities  at  specified  locations  in  he  interior  spaces;  and  (c)  radia¬ 
tion  intensities  frorr  limited  contamiuatea  surface  areas  within  an 
an  extended  radiation  field. 
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2.  Beta  radiation:  (a)  beta  intensities  on  specific  weather  deck 
surface  areas,  and  (b)  beta  intensities  of  surfaces  in  the  interior  spaces. 

3.  Wipe  samples. 

Items  lc  and  2a  were  needed  to  determine  the  effectiveness  of 
decontamination  methods  upon  a  specific  surface  area  within  a  radiation 
field.  They  were  also  needed  to  define  localized  hot  spots. 

Items  2b  and  3  provided  the  only  means  of  determining  the  relative 
distribution  of  contamination  within  the  interior  spaces  of  the  ship. 

Item  3  wa £  also  used  after  decontamination  operations  to  determine  the 
amount  of  activity  removable  by  wiping. 


9.2  INSTRUMENTATION 

Wipe  sauries  were  counted  with  a  rate  meter  or  a  suitable  scaler. 

The  number  and  types  of  instruments  employed  for  the  other  measurements 
of  the  radiological  surveys  were:  25  AN/PDF-TIB  radiacs  (ion  chamber); 

12  AN/PDR-18A  (scintillation);  25  AN/PDR-27C  (geiger  tube);  12  NRDL  RBI-12 
beta  probes  (bucking  ion  chambers);  and  2  NRDL  RGG-1  directional-gamma 
probes  (shielded  geiger  tube). 

The  first  three  types  are  standard  radiac  instruments  and  were 
selected  for  general  use.  Since  the  AN/PDR-TiB  was  the  only  one  of  the 
three  which  had  the  optimum  range  of  sensitivities,  required  practically 
no  maintenance  and  had  a  long  battery  life,  it  was  the  only  standard  hand 
radiac  instrument  used  for  survey  work.  The  instrument  was  furnished 
with  a  unipod  (small  aluminum  tube  3  ft  long)  so  that  all  readings  were 
taken  at  the  same  height  above  the  deck.  All  TLB's  were  checked  and 
calibrated  on  a  cobalt  range  before  each  shot. 

The  NRDL  RBI-12  beta  probe  is  a  development  model  whose  prototypes 
were  built  for  past  field  operations.  It  is  a  small,  light-weight  hand 
instrument  that  measures  beta  radiation  from  an  area  10  by  10  cm  when 
placed  1  cm  above  the  urface.  Readings  are  in  microamperes  (0  to  20) 
with  four  ranges  from  XI  to  X1000  calibrated  from  20  to  20,000  microcuries 
of  Sr^O-Y^O.  Instruments  were  calibrated  before  each  day's  monitoring 
operations. 

The  NRDL  RGG-1  directional -gamma  probe  is  a  developmental  instrument 
and  resulted  from  a  limited  effort  to  supplement  the  beta  probe.  The 
RGG-1  was  developed  from  readily  available  material  as  a  semiportable 
instrument.  Weight  and  size  were  held  within  limits,  so  that  it  could  be 
hoisted  aboard  ship  manually  and  used  to  take  measurements  on  easily 
accessible  weather  deck  areas. 

The  instrument  consisted  of  a  lead -shielded  geiger  tube  mounted  at 
a  height  of  3  ft  on  a  tubular  steel  stand,  which  also  supported  the 
electrometer  case  and  calibration  button.  When  directed  downward,  only 
gemma  rays  from  a  circular  area  3  ft  in  diameter  are  detected,  except 
for  about  1  percent  leakage  through  the  lead  shield  for  the  range  of 
energies  encountered. 

Readings  were  taken  directly  in  arbitrary  units,  which  were  later 
converted  to  milliroentgen  per  hour.  The  useful  range  of  measurements 
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was  approximately  from  10  mr/hr  to  10  r/hr  in  four  ranges. 

The  instruments  were  calibrated  on  a  Co^O  range  and  were  checked 
and  adjusted  to  a  portable  gamma  standard  every  few  minutes  during 
operation. 

A  more -detailed  description  of  the  instruments,  details  of  their 
calibration  and  maintenance,  and  an  operational  evaluation — together 
with  recommendations ---may  be  found  in  Appendix  G. 

9.2.1  Equipment  for  Fallout  Photography.  A  Bell  and  Howell, 

Model  200  Autoload  l6-mm  movie  camera,  equipped  with  a  3-in*  lens  focused 
at  4  ft,  and  a  f5 .6  relative  aperture  was  used.  It  was  modified  to 
operate  on  single  frame  when  tripped  by  an  electric -motor -driven  cam. 

The  shutter  mechanism  was  synchronized  for  zero-delay  flash.  A  right-angle 
prism  directed  the  light  rays  into  the  lead  shield  holding  the  camera. 

A  special  microfile  emulsion  film  (Eastman  Kodak  Special  Order  918)  was 
used.  This  film  could  be  exposed  to  about  1000  r  gamma  radiation  with¬ 
out  serious  fogging  (see  Appendix  G). 

The  optical  sampling  station  was  situated  on  the  starboard  side  of 
the  deck  house  over  No.  3  hold  on  the  YAG  40.  The  camera  was  located  in 
a  4-in.  lead  shield  inside  the  deck  house,  together  with  electrical  timing 
equipment.  The  lighting  unit  was  loc r  ed  on  a  pedestal  about  2  ft  above 
the  deck  and  3  ft  from  the  deck-ho ^se  l  .Ikhead.  A  time  clock  inside  the 
deck  house  energized  and  de-en.xgized  thr  electrical  system  when  the 
station  started  and  stopped  operation. 

The  exterior  lighting  sys.em  was  mounted  on  a  metal  frame  and  con¬ 
sisted  of  an  electronic  flash  unit  ( He i land  Strobonar  III),  housed  in  a 
wooden  box,  and  an  eiiptical  mirror.  Tne  light  from  the  flash  lamp  vas 
collected  by  the  rirxor  and  focused  about  midway  between  the  lamp  and 
mirror.  The  lamn  was  flashed  once  for  each  individual  picture.  An  open 
black  box  servea  as  a  nonreflecting  background.  The  volume  within  which 
particles  were  lighted  and  photographed  was  6  in.  wide,  4  in.  high,  and 
10  in.  deep;  however,  the  depth  of  field  of  the  lens  was  only  3  in.  A 
schematic  diagram  of  the  entire  system  is  shown  in  Figure  9*1* 


9.3  OPERATIONS 

Besides  the  two  NRJDL  men  assigned  to  the  radiological  survey  phase 
of  Project  6.4,  90  Navy  enlisted  men  were  used.  Six  of  these  90  were 
permanently  assigned  and  acted  as  group  leaders.  A  training  schedule 
for  these  group  leaders  was  maintained  throughout  the  operation.  With 
few  exceptions,  ail  the  Navy  enlisted  men  were  inexperienced  in  the  task 
to  which  they  were  assigned.  Consequently  they  had  to  be  instructed  to 
read  and  operate  the  survey  instruments  and  also  had  to  be  indoctrinated 
in  the  radiological  safety  precautions.  The  transient  survey  personnel 
were  usually  available  for  training  ]>  day  before  each  operation.  Obviously 
the  training  vas  brief  and  all  instructions  had  to  be  clear  and  concise 
in  order  that  the  required  survey  could  be  made  satisfactorily  within  the 
:osage  limitations  set  for  the  men. 

All  surveys  were  made  by  teams  consisting  of  either  one  instrument 
man  and  one  recorder  or  two  instrument  men  and  one  recorder.  Separate 
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1  1 0 - v  AC  circuit 
Pre-set  on-off  timer  switch 
1  6  -mm  camera 

Motor  and  speed  reducer  unit  (2  rpm) 
Lead  shield  camera  housing 
90  prism 

Plate  glass  port  hole 
Bulkhead 

Electronic  flash  trip  wire 
Electronic  flash  unit 
Electronic  Lash  housing 
Target  volume 
Reflector 

Target  background 


Figure  9.1  Fallout  photograph;/  station. 

teams  were  assigned  to  dc  bexa,  gamma,  directional -gamma,  and  wipe 
sampling  aboard  ship.  Each  recorder  was  issued  date,  cords  on  which  had  . 
been  inserted  the  station  locations  that  his  team  wrs  to  survey.  t* 

All  survey  points  were  marked  on  decks  and  bulkheads  as  follows:  185 

The  mark  indicated  the  .location,  the  number  identified  it,  and  the  arrow 
showed  how  the  instrument  was  to  be  oriented  with  respect  to  the  monitor. 

In  most  cases  the  arrow  pointed  forward,  and  the  monitor's  body  shielded 
the  instrument  from  behind.  Dosage  limitations  prevented  multidirectional 
readings  being  taken. 

Locations  of  the  855  to  955  survey  points  aboard  the  ships  are  shown 
in  Figures  G.8  through  G.10,  Appendix  G. 

9.3.I  Radiological  Surveys.  A  total  of  13,276  readings  wore  ~ecorded 
in  the  shipboard  radiological  surveys.  All  surveys  were  checked,  corrected 
for  instrument  variations,  and  logged  Into  multiple  form  data  books.  They 
were  then  made  available  to  all  problem  leaders  requiring  them.  When  the 
need  was  urgent,  the  data  were  available  in  final  form  within  4  hr — in 
any  event  within  24  hr. 
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The  following  items  indicate  the  extent  of  the  radiological  surveys 
in  Project  6.4. 

1.  Complete  initial  radiological  surveys  were  made  on  the  YAG  39 
and  YAG  40  upon  their  arrival  in  the  lagoon  after  Shots  1,  2,  4,  and  5. 
Each  initial  survey  included  the  following: 

beta  surveys 

YAG  39,  355  exterior  readings  and  64  interior  readings 

gamma  surveys 

YAG  39,  243  exterior  readings  and  104  interior  readings 
directional  gamma  surveys 

YAG  39,  40  readings 

wipe  samples 

YAG  39,  69  readings 

YAG  40,  same  as  YAG  39  except  for  100  additional  interior 
beta  readings 

2.  Decontamination  surveys  were  conducted  before,  during,  and 
after  each  separate  stage  of  all  the  decontamination  operations. 

3.  Final  surveys  were  conducted  at  the  completion  of  all  decontami¬ 
nation  operations.  These  included  all  the  exterior  station  measurements 
taken  in  the  initial  survey. 

4.  Survey  support  was  given  the  aircraft  decontamination  project 
during  all  their  operations  that  were  conducted  on  Site  Fred. 

5.  Survey  support  was  given  the  ship  decontamination  project  for 
their  concrete  studies  conducted  on  Site  Fred. 

6.  Instrument  support  was  given  Project  6.5. 

9.3.2  Fallout  Photography.  The  photography  station  which  was 
controlled  'ey  pre-set  timing  switches  was  operated  as  follows: 

Shot  I  H  to  H  i  4 

Shot  2  H  to  H  U 

Shot  4  H  f  1  5/6  to  H  f  5  5/6 

Shot  5  H  4-  i/3  to  H  i  l/3 

Pictuies  were  taken  every  30  sec  during  these  periods.  About  4t0  to  500 
individual  frames  were  exposed  per  shot. 

Recovery  was  accomplished  3  to  7  days  after  shot  day,  depending  on 
availability  of  the  ship  and  personnel  dosage. 

Ail  fiLras  were  processed  in  D-7o  developer  to  a  gamma  (contrast)  of 
1.0.  The  processed  films  were  examined  first  with  a  15X  binocular 
microscope  and  then  with  a  l^OX  microscope.  The  lower  power  unit  was 
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used  to  find  the  gross  indications  of  particles  in  the  hundreds  of  frames 
examined;  the  higher  magnification  was  used  for  detailed  study  of  indivi¬ 
dual  framas.  Farticle  sizes  were  estimated  by  comparison  with  photographs 
of  a  wire  size. 


9.*+  RESULTS  AND  DISCUSSION 

Much  of  the  radiological  survey  data  vas  obtained  to  meet  specific 
needs  0f  problem  leaders  who  have  presented  it  in  their  particular 
chapters  of  this  report.  The  data  discussed  in  this  section  pertain 
primarily  to  the  operational  phases  of  the  survey. 

9.4.1  Summary  of  Instrument  Evaluation.  A  detailed  operational 
evaluation  of  the  instruments  is  given  in  Appendix  G.  A  brief  summary 
of  this  evaluation  follows: 

AN/PDR-TIB:  Excellent  instruments;  perfectly  suited  for  gamma 
measurements . 

AN/pDR-lOA:  Not  used,  range  of  sensitivities  were  not  suitable  for 
present  work. 

AN/PDR-27C:  Poor  operating  life  in  climatic  conditions  existing  at 
the  proving  ground. 

NRDL  RBI -12: 

Operational  life  of  batteries,  very  good 
Range  of  detection,  excellent 

Time  constant,  slow  on  XI  sclJ.6,  very  good  on  others 

Zero  set,  satisfactory 

Switches,  some  were  faulty 

Calibration  drift,  about  6  percent  per  month 

Linearity,  excellent 

Gamma  sensitivity,  negligible 

Durability  of  construction,  poor 

NRDL  RGG-1:  In  general,  the  directional  gamma  probe  was  not  satis¬ 
factory.  Its  weight  and  bulk  made  it  difficult  to  transport  about  aboard 
ship.  Its  operation  was  slow,  requiring  three  readings  in  order  to 
record  a  single  rreasurement.  The  instrument  was  dependent  upon  voltage 
and  had  to  be  recalibrated  for  each  measurement.  Constant  handling  of 
the  cobalt  standard  ultimately  led  to  the  contaminatin'-  of  the  source 
holder  (end  of  plug)  which  rendered  subsequent  measurements  uncertain. 

The  instrument  was  nonlinear,  and  correction  curves  were  required  to 
determine  actual  radiation  levels. 

9.4.2  Comparison  of  Decontamination  Factors  Derived  from  Beta  and 
Gamma  Measurements.  Gamma  field  intensities  measured  3  ft  above  the 
deck  were  used  as  the  measure  of  the  principal  radiation  hazard  to 
personnel  in  the  tactical  situation.  Reduction  of  intensity  so  measured 
can  be  considered  a  measure  of  the  effectiveness  of  a  decontamination 
effort. 

In  these  tests,  limitations  of  time,  dosage,  and  manpower  precluded 
decontamination  of  ai i  shipboard  surfaces  and  equipment.  Also,  it  was 
not  always  possible  to  decontaminate  all  designated  surfaces  in  one  day. 
Since  it  was  desired  to  compare  the  effectiveness  of  various  decontamina- 
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tion  procedures  to  determine  those  giving  optimum  performance,  various 
decontamination  procedures  were  applied  to  separate  specific  test  areas* 
The  gftwima.  measurements  3  ft  above  the  deck  gave  an  adequate  picture  of 
the  radiological  situation  but  included  background  radiation  fvom  surfaces 
not  within  the  scope  of  the  decontamination  tests.  To  obtain  data  for 
test  purposes,  it  was  necessary  to  make  measurements  of  radiation  inten¬ 
sities  from  limited  contaminated  surface  areas  within  an  extended 
radiation  field.  The  directional  gamma  probe  and  the  beta  probe  were 
used  for  this  purpose. 

The  use  of  the  beta  probe  assumes  that  a  constant  beta -to -gamma 
ratio  exists  throughout  the  time  period  of  interest.  Probable  sources 
of  error  in  this  assumption  are:  different  decay  curves  for  beta  and 
gamma,  selective  removal  of  isotopes  during  decontamination,  and  absorp¬ 
tion  (particularly  on  porous  surfaces)— which  would  attenuate  the  beta 
intensity  at  the  surface  to  a  greater  extent  than  the  gamma  intensity 
from  the  contamination  absorbed.  While  the  magnitude  of  these  possible 


TABLE  9.1  DECONTAMINATION  FACTORS  A  Ml  RATIOS  OF  BETA-GAEKA  DECONTAMINATION 
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1.66 

3rd  Decon 

I.38 

0  - 

20  j  20 

9.5 

9-5  j 

0 

’  1 

i  ■ 

1.14 

1.36 

j* 

2-35 

2.11  1.12 

0.96 

1.22 

1.14 

(a)  Measurement  symbols;  surface  beta 

Dvz  ,  directional  jR io,  3  ft  above  surface 
y.,  total  ganaa,  3  ft-  above  surface 
vg,  surface  gam*  (TIB) 
r,  ratio  of  3  decontamination  factor  to  the 
corresponding  gaana  decontamination  factor 
In  the  table. 

(b)  Case  1,  23  deck  stations  over  length  of  ship,  before  and  after  6  days 

of  decontamination. 

(c)  Case  2,  24  concrete  slabs,  decontamination  ashore  In  lov  background. 


errors  is  unknown,  experience  has  indicated  that  beta  measurements  are 
useful  where  a  directional  gaums  measurement  is  needed. 

The  material  in  Table  9.1  was  extracted  from  the  extensive  survey 
data.  It  presents  decontamination  factors  and  the  ratio  of  beta-to-gamma 
decontamination  factors  for  two  extremes  of  background  conditions.  The 
decontamination  factors  are  the  reading  before  divided  by  the  reading 
after  decontamination. 

In  Case  1,  since  there  were  extensive  radiation  sources  from 
undecontaminated  surfaces  and  equipment,  corresponding  discrepancies 
appear  in  the  decontamination  factors  calculated  from  total  gamma-field 
(radiation  from  all  sources)  and  surface  (directional-gamma  and  beta) 
measurements.  There  is  relatively  good  agreement  between  the  two  types 
of  surface  measurements. 

Only  limited  data  from  the  directional-ganma  probe  can  be  presented, 
due  to  operational  difficulties;  however,  a  further  comparison  (Case  2) 
can  be  made  between  decontamination  factors  calculated  from  beta  and 
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gum  readings  taken  above  surfaces  in  areas  of  relatively  lav  background. 
Relatively  good  correlation  is  shown  for  beta  and  gsnma  decontamination 
factors. 

Examination  of  other  data  showed  that  the  ratio  of  beta«to*total»gamaa 
(3  ft  above  deck)  decontamination  factors  varied  from  1  to  2  as  indicated 
in  Case  1. 

Under  the  test  conditions  where  it  was  necessary  to  determine  decon¬ 
tamination  effectiveness  for  specific  surfaces,  it  is  indicated  that  beta 
surface  measurements  are  the  most  reliable.  Better  correlation  between 
beta  and  gamma  decontamination  factors  would  probably  have  resulted  if 
gamma  measurements  at  deck  level  were  taken. 

In  examining  the  data  for  Case  1 ,  it  was  noted  that  the  Initial  beta 
measurements  varied  by  a  factor  of  73  from  maximum  to  minimum,  whereas 
the  total  gamma  field  max/min  ratio  was  only  10.  During  the  decontamina¬ 
tion  processes,  the  contamination  was  redistributed,  as  well  as  removed, 
and  the  final  survey  showed  a  beta  max/min  ratio  of  15.  The  small  area 
of  measurement  of  the  beta  probe  and  the  large  variations  in  surface 
intensity  indicate  that  a  larger  number  of  readings  should  be  made  to 
obviate  localized  influences. 

9.4,3  Contamination  Distribution.  Shipboard  beta  intensity  contours 
derived  from  surface  measurements  are  shown  in  Figures  9*2,  9-4,  9.6,  9.8, 
and  9. 10;  gamma-intensity  contours  derived  from  measurements  taken  3  ft 
above  the  deck  are  shown  in  Figures  9*3#  9*5 >  9»7>  9»9>  and  9«H. 

These  diagrams  were  made  from  beta  and  gamma  readings  taken  at  the 
same  locations.  Due  to  geometry  and  instrument  characteristics,  the 
beta  diagrams  are  the  best  indication  available  of  surface  contamination 
distribution,  while  the  gamma  diagrams  show  the  gain a  field  variations 
at  a  height  of  3  ft  above  the  deck. 

The  qualitative  analysis  of  the  radiation  contour  diagrams  is  best 
undertaken  and  discussed  individually  for  each  shot. 

Shot  2,  XAG  40 

1.  Beta  contour  curves  before  and  after  decontamination  indicated 
that:  (a)  The  intensely  radioactive  regions  in  the  original  curve  were 
readily  removed  during  the  decontamination  operations  and  did  not  reappear 
in  any  form  in  the  subsequent  diagram;  and  (b)  Aside  from  the  absence  of 
the  former  hot  spots,  the  relative  trend  of  the  countours  although  signi¬ 
ficantly  reduced,  was  only  slightly  changed. 

2.  Gamma  contours  before  and  after  decontamination  were  very  much 
alike  in  shape  with  reduced  values  in  the  latter. 

3.  The  general  characteristics  of  the  beta  and  gamma  contours  before 
decontamination  were  alike,  but  the  extremely  radioactive  areas  as  desig¬ 
nated  by  the  beta  contours  did  not  show  correspondingly  high  gamma  areas. 

4.  Good  correlation  was  found  between  the  gamma  and  beta  curves 
after  decontamination. 

The  above  information  indicates  that  the  original  beta  diagram  was 
in  error  in  the  intensely  radioactive  regions.  Theee  regions  should  have 
been  confined  to  small  spots  of  intense  activity  within  a  relatively  less- 
contaminated,  semiuniform  area.  To  improve  the  beta  picture  appreciably, 
the  number  of  beta  readings  would  be  greatly  increased. 

Shot  4,  YAG  40 

1.  Both  beta  and.  gamma  diagrams  showed  relatively  uniform  contami¬ 
nation. 
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Shot  5,  YAG  39 

1.  There  were  some  indications  of  agreement  between  the  beta  and 
the  gamma  contour  diagrams  on  the  flight  deck  and  on  the  top  of  the  house. 

2.  Some  high  beta  spots  on  the  beta  diagram  were  not  recorded  in 
the  gamma  diagram  and  some  high  gamma  areas  were  not  found  to  coincide 
with  the  beta  diagram. 

3.  Deficiencies  in  the  location  and  directionality  of  spray  nozzles 
were  indicated. 

Shot  3#  YAG  1*0 

1.  Good  correlation  was  found  between  the  beta  and  gamna  diagrams 
except  for  the  boat  deck  and  the  top  of  the  house. 

Collectively,  it  was  found  that  the  distribution  of  contamination 
depended  upon  the  aerodynamic  conditions  at  the  time  of  contamination. 

On  the  YAG  1*0  it  was  noted  that  areas  shielded  from  the  wind  received  the 
least  contamination.  In  large  open  areas,  the  activity  increased  from 
the  windward  to  the  leeward  side.  Contamination  was  noticeably  high  to 
windward  and  on  the  windward  side  of  structures. 

The  residual  contamination  distribution  on  the  YAG  39  also  depended 
on  washdown -nozzle  locations,  the  composite  aerodynamic  effects,  water 
runoff,  and  surface  geometry. 

9.4.4  Fallout  Photographs.  No  gross  fallout  existed  on  the  YAG  40 
during  the  running  time  of  the  camera  for  all  shots  in  which  the  ship 
participated.  Small  sparsely  spaced  particles  were  photographed  inter¬ 
mittently  in  Shots  1  and  5»  The  particle  sizes  varied  and  were  probably 
less  than  100  p  in  diameter  and  appeared  to  be  in  liquid  form,  as  shown 
in  Figures  9.12  through  9-1-5- 

Because  the  l6-mm  camera  has  a  small  film  size,  the  sampling  volume 
had  to  be  small  to  obtain  a  useable  resolution  (l/l2  actual  size).  This 
limit  upon  the  sampling  volume  made  it  difficult,  with  the  single  flash 
per  frame  technique,  to  get  a  good  picture  of  the  sparse  fallout  phenome¬ 
non  experienced  by  the  YAG  40. 

Poor  resolution  of  the  extremely  small  particles  also  made  it 
difficult  to  determine  the  physical  characteristics  of  the  fallout.  The 
films  did  show  that  the  fallout  as  experienced  by  the  YAG  40  was  not  a 
gross  situation,  as  had  been  anticipated.  The  aerosol  density  (particles 
per  unit  volume)  was  very  low- 

It  was  impossible  to  correlate  the  photographed  and  detected  radia¬ 
tion-fallout  time  interval  because  of  the  small  number  of  particles 
photographed. 


9.5  CONCLUSIONS 

The  survey  group  satisfactorily  supplied  radiological  surveys  for 
studies  of  washdown,  contamination  distribution,  shielding,  ventilation, 
boiler  air,  and  decontamination. 

The  radiation  contours  shoved  that  the  contamination  distribution 
aboard  ship  was  dependent  upon  the  aerodynamic  characteristics  of  the 
structure . 

Of  the  three  gamma  radiac  instruments  used  in  the  surveys,  the 
AN/FDR-TIB  was  the  best  for  field  operations. 
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Figure  9.12  Fallout  photograph  enlarged  (7*3X)  frc*  an 
aerosol  camera  frame  from  Shot  5. 
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Figure  9.13  Photomicrograph  (90  X)  of  circular  area  of 
Figure  9*12,  showing  double  image  characteristic  of  a 
clear  liquid  droplet. 
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9.6  RECOMMENDATIONS 


Radiological  surveys  should  be  conducted  under  a  survey  group  to 
render  services  for  the  entire  project. 

The  number  of  beta  measurements  should  be  greatly  increased  to  give 
a  proper  beta-contamination  distribution  contour  diagram. 


Figure  9.1^  Fallout  photograph  enlarged  (7*3  X)  from  an 
aerosol  camera  framefrom  Shot  5. 
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The  NRDL  RBI -12  beta  probe  should  be  of  sturdier  construction  for 
field  use. 

The  directional  gamma  probe  in  its  present  condition  should  not  be 
used  in  field  tests.  Feasibility  of  further  development  of  this  instru¬ 
ct  ment  should  be  determined. 


0 


Figure  9*15  Photomicrograph  (90  X)  of  circular  area  of 
Figure  9*1^  showing  three  small  particles. 
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Chapter  !0 

RADIOLOGICAL  PROTECTION  OF  PERSONNEL 

A.  L.  Baietti 

Provisions  for  adequate  radiological  safety  coverage  for  all 
Project  6.4  operations  and  evaluation  of  existing  rad-safe  procedures, 
techniques,  and  instrumentation  for  their  suitability  under  tactical 
decontamination  conditions  are  discussed.  Information  to  aid  in  the 
development  of  new  and  improved  radiological  safety  techniques  and 
instruments  is  also  presented.  Recommendations  are  made  concerning 
equipment  and  procedures  to  improve  radiological  safety  support  for 
future  field  operations. 

It  was  determined  that  it  is  feasible  to  estimate  the  average  radia¬ 
tion  level  aboard  a  contaminated  ship  on  the  basis  of  dose-rate  measure¬ 
ments  taken  from  another  nearby  vessel.  Support  was  given  to  the  various 
decontamination  operations  to  assure  the  safety  and  protection  of  personnel 
from  undue  exposure  to  radiological  hazards.  Protective  clothing  was 
provided  and  control  points  established  to  minimize  the  spread  of  contami¬ 
nation.  A  personnel  decontamination  center  was  provided  to  ensure  adequate 
decontamination  of  personnel.  Special  film-badge  studies  were  made  to 
evaluate  badge  holders  and  interpretive  procedures  for  field  operation 
usage.  In  addition,  beta-exposure  data  were  collected  in  an  attempt  to 
determine  the  significance  of  such  exposure.  Also,  an  attempt  was  made 
to  collect  dosage  information  associated  with  specific  decontamination 
and  recovery  operations.  Instrumentation  for  dOBe-rate  and  contamination 
measurements  were  provided.  Some  measurements  were  made  on  general  con¬ 
tamination  and  radiation  levels  detected  in  various  parts  of  the  test  area. 


10.1  BACKGROUND 

In  past  field  operations  involving  nuclear  weapons,  radiological 
safety  was  considered  primarily  as  a  service  organization.  Although 
providing  adequate  support  to  the  test  program  is  indeed  a  basic  and 
important  mission  of  any  rad-safe  organization,  an  effort  should  be  made 
to  evaluate  and  improve  the  service.  Project  6.4,  Operation  Castle  pre¬ 
sented  an  opportunity  for  such  an  evaluation  on  a  limited  scale.  The 
scope  of  the  Project  6.4  program  was  broad  enough  to  provide  sufficient 
opportunity  for  diversified  application  of  various  rad-safe  principles 
and  to  furnish  some  evaluative  information. 

10.2  OBJECTIVE 

The  objective  of  the  rad-safe  phase  of  Project  6.4  was  two-fold: 
(l)  to  provide  adequate  radiological  safety  coverage  for  all  Project 
6.4  operations,  thereby  minimizing  the  personnel  hazard  associated  with 
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the  various  tests,  and  (2)  to  evaluate  existing  radiological  safety 
procedures,  techniques,  and  instrumentation  for  their  suitability  under 
tactical  decontamination  conditions  and  to  obtain  information  toward 
development  of  new  and  improved  radiological  safety  techniques  and 
instruments . 


10.3  WORK  OF  THE  PROJECT  S.k  RAD-SAFE  CROUP 

Since  the  radiological  safety  coverage  for  the  entire  scientific 
program  at  Operation  Castle  was  provided  by  TU-7  personnel,  it  was 
possible  for  the  Project  6.^  rad-safe  group  to  spend  its  time  on  the 
above  objectives,  rather  than  becoming  involved  in  the  broader  scope  of 
the  rad-safe  problems  generated  by  the  complete  scientific  program. 

To  accomplish  the  first  objective,  the  group  provided  the  necessary 
radiological  safety  control  during  the  recovery  operations  of  the  test 
ships,  during  decontamination  operations  aboard  them,  and  during  those 
carried  out  on  Site  Fred.  The  second  objective  was  fulfilled  by  the 
research  efforts  of  the  group  directed  principally  toward  photodosimetry, 
airborne  activity,  and  evaluation  of  the  rad -safe  instruments. 

Details  of  both  the  radiological  safety  coverage  provided  by  the 
group  and  its  research  efforts  are  discussed  in  the  subsequent  seven 
sections. 


10.3.1  Recovery  Operations  of  the  Test  Ships.  The  nature  of 
Project  6.4  made  it  necessary  to  conduct  monitoring  surveys  during  the 
recovery  of  the  YAG  40  after  each  contaminating  event.  A  monitoring  pass 
was  made  by  the  recovery  ATF  to  determine  the  extent  of  the  radiation 
hazard,  and  additional  measurements  were  made  aboard  the  ATF  during  the 
actual  recovery  operation.  Table  10.1  summarizes  the  radiation  fields 


TABLE  10.1  RADIATIOH  LEVELS  DUR DC  RECOVERY,  YAG  kO 


Shot  Max.  Radiation  Level 
Observed  Aboard  Tug 
During  Recovery  (r/hr) 

Calculated  av.  Topside 
Radiation  Level  Aboard 
YAG  U)  at  Recovery (r/hr ) 

Airborne  Cootami - 
natlonla’in  Rocov- 
!  cry  Arcs  (pc/cc) 

1  o.oou 

0.040 

2  x  ICT7 

2  1.0 

8 

1 

3.6  x  10'10 

k  0.15 

k 

1.0  x  10*6 

5  0.90 

22 

- 1 

2  x  10'7 

(a)  Measured  aboard  AIT-106. 


observed  aboard  the  ATF  and  lists  the  calculated  radiation  flux  aboard 
the  YAG  40  at  the  time  of  recovery.  Details  of  the  techniques  involved 
in  estimating  the  radiation  flux  aboard  the  YAG  40  sue  given  in  Appendix  H. 

The  tow  pickup  lines  and  manila  messengers  were  found  to  be  highly 
contaminated.  The  radiation  levels  on  these  lines  averaged  10  to  20  r/hr 
at  the  surface. 

Although  many  arbitrary  factors  enter  into  the  estimation  of  the 
radiation  flux  aboard  the  YAG  40  at  the  time  of  recovery,  it  is  interesting 
to  note  that  order  of  magnitude  agreement  was  achieved  when  the  average 
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topside  radiation  intensity  measured  at  a  later  time  was  corrected  for 
decay  and  compared  with  the  estimated  dose  rate.  Table  10.2  lists  these 
two  corresponding  values. 


TABUS  10.2  RADIATION  LEVELS  ABOARD  TAG  40 


Shot 

Calculated  Average  Top. Id* 
Radiation  Level  Aboard 

YAG  40  at  Recovery  (r/hr) 

Average  Top.lde  Radiation  Level 
Measured  Aboard  TAG  1*0.  (Corrected 
for  Decay)  (r/hr) 

2 

8 

6 

1* 

l* 

1 

5 

22 

17 

Table  10*3  summarizes  the  various  dosages  received  by  personnel 
during  the  recovery  operations. 

YAG  39  personnel  returned  to  Site  Elmer  aboard  the  YAG  39  after 
each  of  the  shots  listed  in  Table  10.3 .  The  crew  on  the  YAG  40 


TABU  10.3  PKRSOMEL  DOSAGES  DUROO  RECOVERY 


Si  .ot 

Average  Douge  of 
ATF-106  Pereonnel 
During  YAG  4c 
Recovery  (ar) 

Average  Dosage  of 
Personnel  Regaining 
on  YAG  39  During 
Event  (ar) 

Average  Dosage  to  YAG  Crevi 
Participating  In  Recovery 
Operations  (ar) 

YAG  39  YAG  40 

1 

116 

123 

233 

2 

226 

1 

165 

279 

4 

544 

1905 

945 

75J* 

5 

266 

1 

4741 

4027 

637 

returned  to  Elmer  aboard  the  YAG  39  after  Shots  2  and  4  and  aboard 
the  ATF  106  after  Shots  1  and  5*  The  average  topside  radiation  level 
of  the  YAG  40  was  25  mr/hr  prior  to  participation  in  Shot  4  and 
75  mr/hr  prior  to  Shot  5*  This  residual  radiation  field  was  respon¬ 
sible  for  part  of  the  dosage  received  by  YAG  40  personnel  for  these 
two  events,  as  shown  in  Table  10. 3. 

1Q«3«2  Aboard  the  Test  Ships.  The  radiological  safety  program 
was  concerned  with  protection  measures  on  behalf  of  personnel  'rking 
or  living  aboard  the  two  test  ships  in  the  presence  of  radioactive 
contamination.  Inasmuch  as  all  of  the  radioactive  contamination  was 
initially  confined  to  the  weather  surfaces,  the  problem  of  rad-safe 
protection  resolved  itself  into  contamination  and  dosage  control 
topside  and  dosage  control  below  decks. 

2o  effect  dosage  control  a  daily,  complete  zone  survey  was 
made  of  all  areas  on  board  the  two  ships  and  dosages  were  estimated 
on  the  basis  of  these  surveys.  The  same  selected  check  points  were 
monitored  each  day.  All  routine  surveys  were  made  at  waist  height, 
where  it  is  considered  the  average  dosage  is  received.  All  routine 
measurements  were  for  gamma  only,  inasmuch  as  the  task  force  dosage 
limits  were  for  gama  only.  Routine  surveys  vere  useful  in  predicting 
dosage  to  personnel  and  in  setting  stay  times  for  work  parties.  All 
radiation  levels  were  plotted  on  an  overlay  drawing  of  the  deck  plans 
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to  enable  interested  parties  to  obtain  dose -rate  information  quickly. 
Tables  10, U  and  10. 5  indicate  tire  aye  rage  radiation  levels  and  air¬ 
borne  contamination  levels  aboard  the  YAG  39  and  YAG  to  during  the 
various  decontamination  and  recovery  operations. 


TABLE  10. L  YAfl  39  RADIATION  LEVELS 


Date 

Topside  Average 
Radiation  Level 
(ar/hr) 

1 

Interior  of  Ship  and 
Belov  Deck  Average 
Radiation  Level  (ar/hr) 

Air 

Contaalnatlon 

(yc/cc) 

Shot  1,3-3-54 

19 

1 

9.6  x  1<T10 

3-4-54 

10 

6.1  x  10'10 

Shot  2,3-29-54 

5 

1 

2.6  x  10‘9 

4-1 

L‘5 

40 

. 

4-2 

90 

13 

3.8  x  10*9 

4-3 

52 

- 

- 

4-5 

47 

9 

1.1  x  10‘8 

4-6 

25 

• 

3.4  x  10-9 

4-6 

23 

8 

- 

4-9 

12 

“ 

1.3  x  10*9 

Shot  4,  4-30-54 

17 

7 

6.4  x  10’9 

5*3 

5 

1 

“ 

Shot  5,  5-6-54 

552 

136 

2.5  X  IQ-9 

5*7 

292 

52 

- 

5-8 

217 

50 

“ 

5*9 

169 

19 

- 

5-10 

78 

13 

- 

5-11 

60 

11 

6.0  x  io"9 

5-12. 

39 

6 

- 

5-13W 

118 

16 

- 

5-15/  { 

92 

12 

- 

5-l6(a) 

91 

11 

3.7  x  10'9 

5-ieW 

37 

11 

- 

5-19'a' 

27 

- 

- 

■5-20 

26 

8 

- 

5-21 

24 

- 

- 

5-22 

8 

2 

- 

5-25 

8 

2 

- 

5-27 

8 

1 

- 

5-30 

5 

1 

- 

6-2 

5 

1 

- 

6-4 

4 

1 

- 

6-11 

3 

1 

- 

6-18 

4 

1 

- 

^a)  YAG  39  moored  along Bide  YAG  4o.' 


The  ratio  of  oeta  plus  gamma  radiation  level  to  the  gaana 
radiation  level  was  determined  by  special  surveys  with  the  "Cutie 
Fie"  survey  meter.  The  ratio  was  found  to  vary  from  10  to  30  at  top¬ 
side  deck  levels  and  from  3  to  5  at  waist  levels. 

The  film  badge  was  the  final  criterion  for  dosage  control.  Film 
dosage  records  were  maintained  on  a  daily  basis,  and  as  personnel  expo¬ 
sures  approached  the  permissible  limit,  replacements  were  obtained. 

Table  10.6  indicates  the  average  daily  dosages  received  by  NRDL  and 
YAG  personnel  who  were  corcarned  with  the  decontamination  and  recovery 
programs. 

Table  10.7  indicates  the  average  daily  dosage  increments  received 
by  Task  Force  personnel  who  actively  engaged  in  YAG  decontamination 
operations . 

Contamination  control  was  accomplished  by  use  of  adequate  protec¬ 
tive  equipment  and  by  delineation  of  contaminated  zones  from  clean  zones. 

For  entry  into  contaminated  zones  wherein  large  amounts  of  removable 
contamination  were  involved  and  for  normal,  dry  work  in  those  zones,  the 

293 


CONFIDENTIAL 


TABLE  10.5  TAG  1*0  RADIATIOH  LEVELS 


Date 

Topside  Average 
Radiation  Level 
(nr /hr) 

Interior  of  Ship  and 
Belov  Deck  Average 
Radiation  Level 
(ar/hr) 

Air 

Contamination 
(pc/cc ) 

Shot  1,  3-2-54 

14 

3-3 

5 

2 

7.0  x  10  ■LL 

Shot  2,  3-30-54 

2320 

92 

8.5  x  10'8 

3-31 

1560 

- 

- 

4-1 

570 

90 

- 

4-2 

552 

- 

- 

4-5 

187 

- 

3.5  x  Kf6 

4-6 

120 

27 

8.1  x  10‘9 

4-9 

106 

- 

6  x  10-10 

4-10 

70 

20 

- 

4-12 

55 

12 

2.9  x  10'8 

4-13 

46 

11 

7.0  x  10-9 

Shot  4,  4-28 

350 

_ 

_ 

4-29 

203 

29 

- 

5-1 

138 

- 

- 

5-3 

9^ 

26 

- 

Shot  5,  5-7-54 

4480 

385 

_ 

5-8 

3690 

199 

- 

5-11 

1490 

176 

- 

5-13 

724 

170 

- 

5-15 

515 

105 

- 

5-16 

406 

94 

- 

5-17 

257 

66 

3.5  x  10‘8 

5-18 

146 

21 

- 

5-19 

101 

19 

5-20 

86 

14 

5-21 

62 

11 

4.0  x  10‘8 

5-24 

44 

6 

- 

5-26 

49 

8 

- 

5-27 

35 

6 

5-31 

32 

5 

6-2 

2S 

4 

- 

6-5 

19 

3 

- 

6-8 

23 

4 

- 

6-12 

17 

3 

following  rad-safe  protective  clothing  was  worn:  underwear,  socks,  shoes, 
coveralls,  caps,  cotton  gloves,  and  canvas  shoe  coyers  or  rubber  overshoes. 
For  wet  decontamination  work  involving  water  spray,  plastic  suits  and 
face  shields  af fording  complete  body  protection  against  liquids  were  worn 
as  needed.  In  certain  wet  decontamination  work  where  the  men  were  not 
subjected  to  water  spray,  rubber  boots  and  rubber  gloves  in  conjunction 
with  coveralls  provided  an  adequate  barrier  to  contamination. 

After  decontamination  of  the  weather  surfaces  removed  the  loose 
contamination,  it  was  found  that  the  use  of  the  rad-safe  shoes  without 
outer  coverings  in  the  contaminated  zone  was  feasible,  and  shoe  contami¬ 
nation  remained  below  the  established  limits.  In  general,  the  protective 


TABLE  10.6  DOSAGE  INCREMENTS,  TAG  AND  NRDI,  PERSONNEL 


Sh'-t. 


Averse  D'-ou^e  (bt) 


1  170 

2  I  1030 

1  j  1100 

5  I  2600 
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TABLE  10.7  AVERAGE  DAILY  DOSAGE  RECEIVED  BY 
YAG  DECONTAMINATION  PERSONNEL 


Date 

No.  Dosages 
Averaged 

Average 

Dosage  (mr) 

Date 

No.  Dosages 
Averaged 

Average 

Dosage  (nr) 

3-1-54 

4 

120 

4-25 

_ 

3-29 

i 

85 

4-26 

- 

- 

3-30 

5 

210 

4-27 

- 

- 

3-31 

4l 

957 

4-26 

6 

150 

4-1 

56 

427 

4-29 

31 

285 

4-2 

64 

368 

4-30 

2 

58 

4-3 

3 

433 

5-1 

4 

123 

4-4 

33 

347 

5-2 

10 

311 

4  5 

53 

392 

5-3 

- 

- 

4-6 

14 

222 

5-4 

- 

- 

4-7 

24 

163 

5-5 

1 

275 

4-8 

42 

941 

5-6 

- 

- 

4-9 

30 

385 

5-7 

- 

- 

4-io 

7 

229 

5-8 

43 

43 

4-11 

16 

440 

5-9 

28 

213 

4-12 

3 

365 

5-10 

19 

177 

4-13 

7 

367 

5-11 

27 

254 

4-l4 

13 

388 

5-12 

25 

9? 

4-15 

3 

167 

5-13 

15 

77 

4-l6 

- 

5-14 

3 

200 

4-17 

• 

- 

5-15 

- 

- 

4-18 

5-16 

21 

610 

4-19 

2 

6c 

5-17 

l4 

539 

4-20 

- 

5-18 

7 

364 

4-21 

1 

40 

5-19 

6 

't48 

4-22 

_ 

. 

5-20 

5 

209 

4-23 

- 

- 

5-21 

6 

206 

4-24 

- 

- 

1 

L 

clothing  requirements  varied  with  the  degree  of  removable  contamination 
present. 

The  control-zone  system  war  used  to  minimize  spread  of  radioactive 
contamination.  The  contaminated,  or  controlled,  zones  were  delineated 
with  rope  or  other  barriers  and  check  stations  were  set  up  at  the  entrance 
and  exit  points  of  such  zones.  At  these  points,  all  personnel  moving 
from  the  controlled  zone  to  the  uncontrolled  or  uncontaminsted  zone  were 
monitored,  and  contaminated  clothing  was  removed  to  prevent  spread  of 
contamination. 

All  decontamination  operations  conducted  aboard  the  YAG  ^0  were 
controlled  from  the  YAG  39>  which  was  moved  alongside  and  used  as  a 
boarding  ship.  A  contamination  control  zone  was  roped  off  on  the  YAG  39> 
and  a  contamination  check  station  was  set  up  at  the  boundary  of  the  zone. 
All  movement  of  personnel  and  equipment  from  the  YAG  ^0  was  through  the 
YAG  39  control  zone.  Extra  supplies  of  protective  clothing  were  maintained 
at  the  YAG  39  check  station.  Where  possible,  the  contaminated  clothing 
worn  by  personnel  were  replaced  with  clean  clothing  prior  to  the  return 
of  personnel  to  the  Elmer  Rad-Safe  3uiiding  for  final  personnel  decon¬ 
tamination.  This  system  effectively  minimized  personnel  skin  contamina¬ 
tion  and  the  spread  of  contamination  to  clean  zones. 

A  change  system  for  shoe  covers  we.3  initiated  to  minimize  tracking 
of  contamination  below  decks  of  the  YAG  *K)  and  of  the  YAG  39  when  the 
contamination  status  of  the  YAG  39  warranted  such  precautions.  However, 
some  Jew-level  removable  contamination  was  introduced  to  the  below  deck 
areas,  due  to  the  initial  effects  of  the  fallout  and  by  tracking  from 
above  decks. 

No  major  decontamination  of  the  YAG  39  was  necessary,  except  after 
Shot  5«  In  this  case,  the  ATF  10b  was  used  as  the  boarding  ship  and 
rad-safe  operations  and  control  similar  to  thet  described  above  for  the 
YAG  ko  vas  carried  out. 
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On  the  besi  s  of  the  recults  of  the  air-san^ling  program,  It  was 
determined  that  respiratory  protection  was  not  required,  except  in  the 
case  of  personnel  who  were  actively  engaged  in  the  operation  of  the  wood 
surface  removal  (Tennant)  machine.  These  operators  wore  full-face  Army 
M9A1  or  the  Navy  MKV  mask,  interchangeably. 

Rad-safe  indoctrination  and  advice  was  given  to  appropriate 
Project  6,k  personnel,  including  those  obtained  from  other  ships  to 
carry  out  the  various  decontamination  operations.  Depending  on  the 
radiological  conditions  and  type  of  work  to  be  done,  wrist  badges  and 
pocket  dosimeters  were  issued  in  addition  to  the  standard  body  film  badges. 

Protective  clothing  and  rad-safe  instrumentation  were  supplied  to 
the  YAG  39  and  YAG  for  the  return  trip  to  the  Zone  of  the  Interior. 

For  the  trip  all  crew  members  wore  badges,  which  were  changed  at  Pearl 
Harbor.  Rad-safe  regulations  were  documented  and  supplied  to  each  ship 
for  the  protection  and  guidance  of  tne  crew.  Eating  and  smoking  rules 
and  contamination  control  measures  were  established*  A  ship -monitoring 
schedule  was  established,  by  which  those  crew  members  who  had  been 
trained  in  radiological  sai*ety  work  in  the  field  operation  were  employed, 
to  conduct  the  monitoring  surveys.  A  schedule  for  monitoring  of  personnel 
for  possible  contamination  was  instituted. 

Urine  samples  were  collected  from  all  YAG  crewmen  pon  return  to 
the  Zone  of  the  Interior.  No  evidence  of  any  significant  ingestion  of 
radioactive  materials  was  indicated  by  the  analysis  of  these  samples. 

YAG  monitoring  survey  results  for  the  trip  to  the  Zone  of  the 
Interior  are  summarized  in  Table  10.8. 

TABUS  10.8  AVERAGE  RADIATION  LEVELS  ABOARD  TEST  SHIPS  DURING 
RETURN  TO  THE  ZONE  OP  THE  BTERIOR,  NR/ER 


Departure 

PPG 

5-2* -5* 

. 

- - '■  7 

Arrival  J 

Pearl  Harbor 

6-11-51 

Departure 
Pearl  Harbor 

Arrival 

ZI 

6-19-51 

Average  Topside  Reading 

8 

IAG  39 

4 

4 

Average  Interior  and 
Belov  Deck  Reading 

2 

> 

1 

1 

Average  Topiide  Reading 

U 

TAG  *tO 

19 

19 

17 

Average  Interior  and 
Belov  Deck  Reading 

6 

3 

3 

3 

_ 

Radiation  exposures  of  personnel  on  the  return  trip  were  predicted 
on  the  basis  of  the  above  readings,  assuming  one -third  of  the  time  was 
spent  by  ships'  personnel  in  the  above-deck  area.  These  predictions, 
along  with  the  actual  dosages  as  determined  by  film  badges  ere  presented 
in  Table  10. 9. 

The  ratio  of  predicted  dosage  to  the  observed  is  in  the  neighborhood 
of  3  or  4. 

The  system  of  dosage  control  by  general  monitoring  of  working  area, 
combined  with  daily  badge  reports,  proved  entirely  feasible  and  effec- 
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TABU  10.9  D0SA0E  BKXZVKD  BX  XAO  FPBOWnC.  DURDK3  RETUKH 
TO  THE  20  HR  OF  THE  MTEK10B,  MR 


_ PPO  to  P.  »« _ 1 

P.  H. 

to  S.  P. 

Average 

Average 

Average 

Average 

Predicted 

PU*  Record 

Predicted 

Pile  Record 

XAO  39 

800 

258 

V80 

214 

XAO  40 

3,600 

1,11V 

1,900 

30V 

tively  prevented  personnel  from  inadvertently  exceeding  mnvtnitim  permissible 
exposure.  The  system  of  continuously  monitoring  during  a  decontamination 
operation  afforded  no  better  dosage  control  and  had  the  added  disadvantage 
of  unduly  using  up  the  allotted  dosage  of  monitoring  personnel,  the 
supply  of  which  is  critical  to  a  program  of  this  nature.  The  film  badge, 
when  properly  worn,  proved  the  moat  feasible  and  accurate  device  for 
measuring  individual  personnel  exposures. 

The  zone  system  of  contamination  control  v&s  effective  as  long  as 
personnel  followed  the  established  procedures  for  movement  between  zones. 
Changes  of  protective  clothing  effectively  prevented  personnel  contamina¬ 
tion.  Close  liaison  by  rad-safe  personnel  vas  helpful  in  insuring  that 
contamination  control  procedures  were  followed  and  that  the  required 
protective  clothing  was  worn. 

10.3.3  Operations  on  Site  Fred.  Three  separate  operations  of 
Project  6. ^  were  carried  out  on  Site  Fred:  (l)  aircraft  decontamination 
studies;  (2)  panel  decontamination  studies;  and  (3)  sample  packaging  for 
shipment  to  the  ZI. 

The  radiological  safety  program  for  these  operations  were  concerned 
with  protective  measures  for  personnel,  collection  of  rad-safe  data 
applicable  to  future  field  operations,  and  evaluation  of  rad-safe  protec¬ 
tive  clothing  and  devices. 

Aircraft,  panels,  and  samples  involved  in  the  operations  were  off¬ 
loaded  from  the  ships  and  brought  to  the  island  by  water  transportation. 

The  aircraft  and  panel  decontamination  studies  were  carried  out  at  the 
USAF  Aircraft  Decontamination  Facility  at  the  southern  end  of  the  island. 
The  removal  of  YAG  interior  samples  from  their  collector  racks  and  pack¬ 
aging  them  for  shipment  was  done  in  a  small,  open-side  shelter  in  the 
center  of  the  island. 

A  rad -safe  center  was  established  in  a  tent  near  the  panel  and  air¬ 
craft  decontamination  area.  At  this  center,  protective  equipment  vas 
issued  and  personnel  were  monitored.  The  rad-safe  center  on  Site  Elmer 
served  as  the  home  station  and  main  supply  center  for  all  rad-safe 
operations.  The  center  also  served  as  the  personnel  decontamination 
station  for  all  personnel,  except  in  those  cases  where  on-the-spot 
personnel  decontamination  measures  were  required.  In  such  cases,  the 
USAF  Change  House  near  the  aircraft  decontamination  center  was  used. 

The  decontamination  area  vas  situated  in  such  a  way  that  prevailing 
winds  carried  steam  and  airborne  particulate  materials  generated  in  the 
decontamination  operations  toward  infrequently  used  areas  and  onto  the 
lagoon.  Liquid  radioactive  wastes  generated  during  decontamination  opera¬ 
tions  drained  from  the  decontamination  pad  into  the  lagoon  through  an 
underground  storm  sever.  The  sample  packaging  area  vas  similarly  located 
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so  that  prevailing  winds  carried  particulates  onto  the  lagoon.  Solid 
radioactive  wastes  were  disposed  of  by  land  burial  in  Isolated  areas. 

Dosage  control  was  accomplished  by  daily  monitoring  surveys  of 
aircraft  and  panels  in  the  decontamination  operations  (Table  10.10)  and 
by  checking  radiation  levels  in  work  party  zones.  Problem  leaders  of 
both  decontamination  and  sample  packaging  operations  were  kept  advised 
of  radiation  exposure  levels  and  of  recommended  dosage  conservation 
measures.  Self -reading  pocket  dosimeters  were  issued  to  selected  members 
of  work  parties,  and  the  readings  obtained  therein  were  used  as  corollary 
information  in  estimating  dosage. 

The  film  badge  was  the  official  measure  of  dosage  received.  The 
badge  records  of  all  personnel  involved  were  studied  each  day  by  the 
rad-safe  representative  to  determine  daily  dosage  rates  and  to  note  which 
personnel  were  approaching  their  dosage  limit.  Project  leaders  were 
advised  of  all  dosages  which  indicated  undue  individual  exposures  and 
corrective  procedures  recommended.  Table  10.11  shows  average  daily 
exposures  to  personnel  at  indicated  by  film-badge  records. 

Contamination  control  was  effected  by  roping  off  working  areas, 
monitoring  footwear  of  personnel  leaving  the  contaminated  area  and  changing 
footwear  where  necessary  to  prevent  contamination  spread  to  clean  areas. 
Periodic  wipe  samples  were  taken  of  the  exposed  surfaces  of  panels,  planes, 
and  on  samples  to  determine  levels  of  removable  contamination  present* 

Air  samples  were  taken  during  decontamination  and  sample  packaging  opera¬ 
tions  and  respiratory  protection  was  worn  when  indicated  by  sampling 
results.  Table  10.10  summarizes  air  and  wipe  sampling  results. 

A  stock  of  protective  equipment  was  maintained  in  the  decontamina¬ 
tion  area  change  station.  Contaminated  clothing  was  returned  to  the 
change  house  on  Site  Elmer  and  clean  clothing  was  drawn,  as  necessary, 
to  maintain  the  stock.  Protective  clothing  was  worn  as  required  for  the 
particular  operation.  For  dry  panel  and  aircraft  operations  and  sample 
packaging  operations,  coveralls,  shoes,  canvas  shoe  covering,  cotton 
gloves,  and  caps  were  generally  found  to  be  adequate.  As  actual  decon¬ 
tamination  of  panel  and  aircraft  surfaces  was  performed  by  wet  chemical 
and  physical  methods,  protective  clothing  for  these  operations  included 
foul -weather  gear,  plastic  coveralls,  rubber  boots,  and  plastic  face 
shields . 

Instrumentation  for  the  Site  Fred  operations  consisted  of  contami¬ 
nation  detectors,  dose  rate  meters,  pocket  dosimeters,  film  badges,  and 
air  samplers.  All  instrumentation  was  supplied  from  the  Rad -Safe  Center 
on  Site  Elmer. 

It  is  recommended  that  in  future  operations  of  this  nature,  emphasis 
be  given  to  advance  planning  for  each  day's  operation.  Information  is 
required  from  the  project  leader  about  each  day's  operation  so  that  the 
necessary  protective  equipment,  dosimeters,  and  instrumentation  can  be 
made  available  for  the  operation. 

Secondly,  it  is  recumnended  that  project  leaders  be  made  cognizant 
of  the  necessity  of  personnel  under  their  direction  following  rad-safe 
rules  and  procedures. 

Aleo,  it  is  recomaended  that  project  leaders  be  impressed  with  the 
necessity  of  staying  within  their  basic  plan  of  operation.  Major  changes 
should  be  discussed  with  the  rad-safe  representative  and  a  plan  of  action 
agreed  upon. 
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TABLE  10.10  SUWflARY  OP  DAILY  MONITORING  SURVEYS 


Date  of 

Operation 

if 

S  2 

S5  O 
fe 

General  Activity  Levels 

Type  of  Operation 

Average 

Radiation 

(mr/nr) 

Average  Removable 
Contamination 
(d/m/lOO  so  cm 
x  10*3 J 

Air  borne 

Act lvity 
(yc/cc  x  10*9) 

Shot  1 

3-5-54 

5 

TAG  39  Aircraft  Handling 

2 

- 

- 

TAG  40  Aircraft  Handling 

3 

53 

- 

3-6 

6 

TAG  40  Aircraft  Decor. tamlnat ion 

3 

44 

- 

Shot  2 

3-30-5I* 

6 

TAG  39  Aircraft  Decontamination 

20 

- 

- 

3-31 

14 

TAG  40  Aircraft  Decontamination 

2200 

- 

2.74 

8 

Sample  Packaging 

370 

- 

1.46 

4-1 

8 

TAG  4o  Aircraft  Decontamination 

2800 

- 

17,6. 

4-2 

25 

TAG  40  Aircraft  Decontamination 

375 

861 

635I*) 

4 

Panel  Decontamination 

550 

- 

- 

4-3 

10 

TAG  40  Aircraft  Decontamination 

370 

73 

35.2 

4-4 

16 

TAG  40  Aircraft  Decontamination 

245 

300 

- 

4-5 

17 

TAG  4o  Aircraft  Decontamination 

180 

- 

0.80 

4-6 

9 

TAG  4o  Aircraft  Decontamination 

70 

- 

4.19 

4-7 

10 

TAG  40  Aircraft  Decontamination 

65 

560 

1.85 

3 

Panel  Decontamination 

160 

- 

- 

4-6 

8 

Panel  Decontamination 

100 

571 

- 

6 

TAG  40  Aircraft  Decontamination 

35 

16 

0.92 

4-9 

7 

Panel  Decontamination 

160 

- 

“ 

Shot  >* 

4-27 

8 

Off  Loading  Samples  and  TAG  39 

Aircraft 

200 

- 

- 

4-28 

6 

TAG  39  Aircraft  Decontamination 

75 

130 

- 

4-29 

9 

TAG  39  Aircraft  Decontamination 

35 

- 

- 

4-30 

10 

TAG  39  Aircraft  Decontamination 

16 

100 

- 

6 

Sanple  Packaging 

10 

50 

l.ll 

13 

TAG  4q  Aircraft  Decontamination 

175 

- 

- 

5 

Panel  Decontamination 

100 

- 

- 

Shot  4 

5-1-54 

17 

TAG  40  Aircraft  Decontamination 

150 

1000 

- 

5-2 

14 

TAG  4o  Aircraft  Decontamination 

60 

16 

- 

3 

Panel  Decontamination 

60 

- 

- 

Shot  5 

5-7 

29 

Off  Loading  Samples  and  TAG  39 

and  40  Aircraft 

450 

- 

5-8 

9 

TAG  40  Aircraft  Decontamination 

1100 

14 

9.50 

5 

Sample  Packaging 

250 

- 

- 

9 

TAG  39  Aircraft  Decontamination 

235 

- 

- 

5-9 

7 

TAG  39  Aircraft  Decontamination 

140 

- 

- 

3 

Panel  Decontamination 

470 

- 

- 

7 

TAG  40  Alrcraf*.  Decontamination 

460 

_ 

- 

5-1 1  1 

17 

TAG  4o  Aircraft  Decontamination 

200 

0.5 

2.10 

I 

5 

Panel  Decontaolna’.  Ion 

150 

- 

5-12  1 

5 

TAG  39  Alrcra't  Decontamination 

4° 

- 

- 

s 

TAG  40  Aircraft  Decontamination 

150 

3 

- 

5-13  | 

6 

TAG  40  Alrcrart  Decontamination 

135 

- 

i 

3 

Panel  Decontamination 

60 

- 

i 

3 

faille  Packsglpr 

60^ 

0) 

- 

5-15  1 

2 

Sample  Packaging 

14 

0.5 

- 

5-17  ; 

- 

Final  Survey  TAG  *0  Aircraft 

| 

from  toot  2 

16 

- 

- 

1 

Final  Survey  TAG  »0  Aircraft 

i 

frew  toot  5 

100 

- 

- 

£  -  '  *7  | 

~  : 

Final  Survey  TAG  39  Aircraft 

from  toot  2 

3 

. 

- 

-  ; 

Final  Survey  TAG  39  Aircraft 

1 

Tress  toot  5 

40 

- 

- 

0-  IS  | 

U  • 

Sauplr  Pucka*;  tag 

• _ 

10 

5 

A 

(a)  :'»napir  taKrr.  in  vet  spray  downwind  fro*  airermft, 

(l)  >ncr!d  ta-f-Tassaa  in  laeediate  work  a rtt  due  to  presence  of 
c on lari  railed  objects. 
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TABLE  10.11  AVERAGE  DOSAGES  TO  PERSOmSL  DUKW3  SIB  RED  OPERATXOR 


Date 

Daily  Dosage  (mr) 

Date 

Dally  Dosage  (mr) 

30  Her 

126 

29  Apr 

21 

31  Max 

1050 

30  Apr 

115 

1  Apr 

U2U 

1  May 

135 

2  Apr 

258 

2  May 

180 

3  Apr 

296 

8  May 

700 

**  Apr 

182 

9  May 

270 

5  Apr 

186 

10  May 

230 

6  Apr 

79 

11  May 

200 

7  Apr 

63 

12  May 

160 

8  Apr 

113 

13  May 

180 

9  Apr 

113 

11  May 

65 

27  Apr 

9J* 

15  May 

Ho 

28  Apr 

70 

17  May 

270 

10.3.4  Photodosimetry  Operations.  The  purpose  of  the  photodosi¬ 
metry  program  was:  (1)  evaluation  of  a  film  badge  holder  for  field  use; 

(2)  evaluation  of  various  interpretative  procedures  for  film  densities - 
dosage  relationships;  and  (3)  the  correlation  of  dosage  received  with 
the  type  of  work  performed.  A  major  objective  of  the  program  was 
gathering  sufficient  data  concerning  field  dosimetry  to  adequately 
evaluate  badge  holders,  film,  issue  systems,  and  interpretative  proce¬ 
dures  for  future  laboratory  and  field  dosimetry  operations. 

A  portion  of  the  program  attempted  to  evaluate  a  badge  and  an 
interpretative  procedure  that  would  give  accurate  results  of  exposures 
to  the  various  types  and  energies  of  radiations  without  recourse  to 
administrative  procedures  to  obtain  additional  data  on  personnel  move¬ 
ments.  A  system  of  processing  badges  was  sought  that  would  lend  itself 
to  the  handling  of  the  largest  numbers  of  badges  with  the  smallest 
number  of  dosimetry  personnel. 

The  standard  of  comparison  for  the  experimental  film  badge  was  the 
TU-7  badge  which  was  used  for  official  dosages  reported  for  the  entire 
scientific  program.  The  TU-7  badge  utilized  the  DuPont  film  packet 
No.  559>  containing  two  films;  the  No.  502  emulsion,  with  a  range  from 
40  mr  to  10  r;  and  the  No.  606  emulsion,  with  a  range  from  10  r  to  400  r. 
The  shield  used  on  the  film  was  a  clip  of  ^-mm  lead;  the  film  was  sealed 
in  a  polyethylene  bag  against  humidity  and  contamination. 

The  film-badge  holder  used  by  Project  6.4  was  developed  at  LASL  and 
consisted  of  two  telescoping  frames  made  of  0.02-in.  brass.  The  badge  is 
equipped  with  an  open  window  and  a  0.02-in.  cadmium  insert.  The  film 
used  was  the  DuPont  packet  No.  552,  with  the  No.  502  emulsion  as  in  the 
TU-7  badge,  and  the  No.  510  emulsion,  with  a  range  of  1  to  40  r.  Each 
packet  was  sealed  in  polyethylene. 

The  processing  procedures  for  the  Project  6.4  and  the  TU-7  badges 
were  identical.  Insofar  as  possible,  both  badges  were  issued,  worn, 
processed,  and  interpreted  at  the  same  times  and  under  the  same  conditions. 

The  do 8 age  determined  by  the  TU-7  badge  was  for  gaasna  only.  The 
Project  6.4  badge  was  evaluated  for  beta  and  gamma  dosages.  The  method 
of  film  interpretation  for  garma  dosage  used  was  that  outlined  by  Siorm 
(Reference  2l). 

Estimates  of  beta  dosages  were  made  from  the  Project  6.4  badge  by 
difference  in  net  density  between  cadmium-shielded  and  open-window 

300 


.1 


CONFIDENTIAL 


portions  and  from  a  beta-calibration  curve  made  from  film  exposed  to 
natural  uranium. 

All  dosage  control  was  done  on  the  basis  of  the  exposure  data  from 
the  TU-7  badges.  These  badges  were  processed  and  the  dosages  integrated 
into  an  operational  total  for  each  individual  on  a  daily  basis*  Prom 
these  totals,  all  decisions  on  the  employment  of  personnel  were  made  in 
accordance  with  the  safety  regulations  formulated  by  the  task  force.  TOe 
basic  dosage  allowance  for  the  operation  was  3*9  r.  Certain  personnel  in 
special  categories  were  granted  additional  dosage  allowances  upon  sub¬ 
mission  of  waiver  requests. 

Approximately  700  personnel  were  monitored  by  the  Project  6.4  badge. 
In  the  dosimetry  program,  5 >250  badges  were  used,  of  which  about  4,500 
were  used  for  personnel  monitoiing.  Of  these  4,500  badges,  a  represen¬ 
tative  sample  of  1,125  TU-7  and  Project  6.4  matched  badge  results  have 
been  drawn  from  a  statistical  treatment  and  a  comparison  made  between 
the  readings  obtained  from  the  two  badges.  The  TO -7  badge  data  were 
used  as  basis  of  comparison  with  which  to  evaluate  the  Project  6.4 
badge.  A  comparison  of  gamma  dosages  was  made;  it  has  been  summarized  in 
Table  10.12  by  indicating  the  percentages  of  the  various  ratios  of 

TABU  10.12  COMPARISON  OF  GAMtA  DOSAGES 


Inte  rval  of  Ratio 
of  Froject  6.4 
Defi/TU-7  Data 

Percent  of  Total 

Re suite 

0.2 

2.0 

0.2  to  0.4 

11.6 

0.4  to  0.6 

16.6 

0.6  to  0.8 

16.0 

0.8  to  1.2 

19.0 

1.2  to  2 

17.2 

2  to  3 

9.0 

3  to  4 

4.0 

4  to  5 

1.3 

5  and  over 

3-3 

100.0 

Project  6.4  badge  reading  to  TU-7  badge  readings. 

The  approximate  gamma  energy  was  determined  from  the  difference 
in  density  under  the  brass  and  cadmium.  From  the  tymma  energies,  correc¬ 
tion  factors  were  evolved  to  correct  for  the  energy  dependence  of  film 
to  gamma  in  the  extreme  energy  ranges. 

These  correction  factors  have  been  revised  (Reference  22),  particu¬ 
larly  as  they  apply  to  the  very-low  and  the  very-high  energies.  A  statis¬ 
tical  study  was  made  to  determine  the  effect  of  the  revised  sets  of  correc 
tion  factors  upon  the  mass  of  data  as  determined  during  Operation  Castle. 
It  was  found  that,  while  a  few  results  were  changed  quite  considerably, 
the  mass  of  data  was  not  altered  to  any  degree  of  statistical  significance 
The  exact  significance  of  the  data  in  Table  10.12  is  not  known.  The 
table  indicates  that  19  percent  of  the  time  the  dosages  agreed  within 
20  percent  of  each  other  and  that  beyond  this  limit  the  Project  6.4  badge 
showed  dosages  lower  than  the  TO-7  badge  46.2  percent  of  the  time 
higher  dosages  34.8  percent  of  the  time. 

The  fact  that  the  two  film-iadge  determinations  of  personnel  exposure 
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were  greater  than  20  percent  apart  8l  percent  of  the  time  would  indicate 
that  more  work  is  required  on  this  problem.  Because  of  the  large  range 
in  readings,  a  comparison  with  the  use  of  ratios  could  be  misleading. 

Thus,  the  dosage  readings  were  plotted  one  against  the  other  to  show  the 
relation  of  the  values  obtained  with  the  two  types  of  badge.  If  the  two 
badges  yield  equivalent  relative  values  of  dosage,  the  above  points 
should  be  along  some  definable  pattern.  Since  this  was  not  observed,  the 
conclusion  that  additional  study  of  the  entire  problem  is  required,  was 
supported. 

A  study  was  also  made  of  the  dosages  determined  by  the  film  badge 
in  coaqparison  with  expected  dosages  estimated  from  levels  and  exposure 
times.  A  total  of  33d  pairs  of  badge  readings  and  estimated  dosages 
were  used  in  the  study.  Comparison  is  made  by  observing  the  ratio  of 
the  expected  readings  to  the  badge  reading.  Table  10. 13  is  a  summary 
of  comparisons  between  expected  and  observed  dosages  taken  from  YAG 
decontaminations  operations. 

Table  10.13  shows  that  dosage  estimates  were  off  by  more  than  a 
factor  two  47  percent  of  the  time.  It  is  realized  that  there  are  many 
variables  in  connection  with  dosage  determination.  However,  if  the  film 
badge  is  to  serve  as  a  true  indicator  of  personnel  exposure,  it  would  seem 
important  to  establish  a  closer  correlation  between  the  dosages  estimated 


TABLE  10.13  COMPARISON  0?  EXPECTED  AND  OBSERVED  DOSAGES 
TOR  PROJECT  6.4  BADGES 


from  monitoring  surveys  and  stay  time  and  the  dosages  measured  on  film 
badges.  It  is  interesting  to  note  that  Table  10.12  shows  that  the  varia¬ 
tion  by  more  than  a  factor  two  occurred  31  percent  of  the  time.  True 
dop° "o  determination  becomes  quite  important  when  administrative  proce¬ 
dures  establish  that  an  operational  dosage  limit  is  3,900  mr  and  average 
daily  exposures  during  certain  phases  of  a  field  operation  might  be  from 
500  to  1,000  mr. 

Approximately  5,000  dosage  measurements  have  been  recorded  for 
637  personnel.  Of  these,  19  have  received  dosages  in  excess  of  7-8  r, 

71  have  received  dosages  between  7.8  and  3*9  r,  and  547  have  received 
dosages  less  than  3*9  r.  The  dosages,  percentage -wise,  are: 
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Dosage  (r) 


0-1 

1-2 

2  -  3 

3  -  4 
k  -  5 
5  -  6 
6-7 
Over  7 


Personnel  Exposed  ($) 

41.4 

24.0 

14.9 

5.5 
3*8 

4.6 

1.7 
4.1 


Only  one  person  received  an  excessive  amount  of  radiation.  One 
crew  member  coming  aboard  YAG  39  after  Shot  5  inadvertently  spent  an 
excessive  amount  of  time  topside  near  several  local  hot  spots.  His 
dosage  was  determined  to  be  about  20  r.  Appropriate  recommendations 
limiting  future  radiation  exposure  for  this  individual  have  been  made. 

A  summary  of  total  individual  beta  exposure  is  given  in  Table  10.14, 


TABLE  10. 1U  ACCUMULATED  INDIVIDUAL  BETA  EXPOSURES 


1 

Personnel  Exposed 

Range  (rep) 

Huaber 

Percent 

0  -  6.5 

404 

61.2 

6.5  -  13 

126 

19.1 

13  -  20 

56 

0.5 

20  -  30 

31* 

‘  2 

?0  -  50 

26 

3.9 

50 

14 

2.1 

.oual 

660 

100.0 

A  summary  of  individual  wrist  badge  data  and  corresponding  body 
dosages  is  given  in  Table  10.15. 

The  distribution  of  beta-to -gumma  ratios  as  determined  by  film 
badges  is  shown  in  Table  10. l6. 

Film  monitoring  surveys  were  conducted  through  the  months  of  April 
and  May  on  Site  Elmer.  Twelve  outdoor  locations  distributed  over  the 
island  and  nine  locations  on  and  around  the  rad-safe  building  were 
monitored  continuously,  in  six  increments.  The  results  have  been  sum¬ 
marized  in  Tables  10.17  and  10.18. 

The  foregoing  data  and  the  general  experience  gained  during 
Operation  Castle  indicated  that  the  multiple-shield  film-badge  holder 
is  adequate  to  meet  the  mass -production  requirements  of  a  field  operation. 
The  data  collected  indicates  no  obvious  superiority  over  the  Bingle -shield 
badge  in  the  area  of  gamma  dosimetry.  Unfortunately,  there  is  no  way  to 
determine  which  badge  gave  the  best  estimate  of  the  actual  dosage  received. 
The  magnitude  of  possible  beta  exposure,  as  shown  in  Tables  10.14  through 
10. lo,  indicate  the  desirability  of  recording  beta  dosages  of  personnel. 

Some  large  discrepancies  were  noted  in  the  comparison  of  the  6.4 
and  TU-7  badge  results.  These  discrepancies  may  be  explained  in  most 
part  by  the  difference  in  film  badge  interpretation.  The  6.4  badge 
interpretation  attempted  to  evaluate  an  energy  correction  system 
currently  under  development.  Field  results  indicated  that  additional 
work  on  this  system  was  necessary.  Some  discrepancies  may  also  be 
attributed  to  variations  in  wearing  the  two  badges  and  to  the  response 


30; 


CONFIDENTIAL 


TABU  10.15  DBXVXDUAL  VB  1ST -BODY  BADGE  DATA 


Bod^y  I 

HSUS! 

iipmppvbrphh! 

(rep) 

IB8I 

(rep) 

M8I 

IIBI 

FT - 

3-300 

0.57; 

3.300 

0.616 

.3.600 

1.134 

1.350 

0.15S 

0.530 

0.115 

0.480 

0.102 

0.940 

0.154 

0.800 

0.211 

0.800 

0.177 

0.250 

0.12c 

0.250 

0.095 

0.175 

0.140 

2.200 

0.792 

2.800 

0.462 

2.800 

0.666 

1.040 

0.078 

0.480 

0.094 

0.375 

0.105 

0.410 

0.140 

0.350 

0.115 

0.290 

0.164 

2.040 

0.449 

0.350 

0.115 

0.290 

0.164 

1.350 

0.119 

0.440 

0.096 

0.410 

0.094 

0.800 

O.231 

1.140 

0.182 

1.220 

0.188 

0.620 

0.140 

0.570 

0.220 

1.040 

0.182 

0.250 

0.120 

0.250 

0.095 

0.225 

0.095 

2.200 

O.636 

1.700 

0.572 

2.400 

0.572 

1.570 

0.113 

0.680 

0.150 

0.800 

0.l4l 

1.220 

0.132 

0.570 

0.265 

0.680 

0.174 

1.040 

0.165 

0.440 

0.102 

0.570 

0.009 

1.450 

1.034 

4.650 

0.467 

3.850 

2.076 

0.270 

0.225 

0.175 

0.064 

0.190 

0.0 

4.300 

0.186 

4.300 

0.255 

2.600 

0.286 

1.350 

0.095 

0.680 

0.130 

0.730 

0.112 

1.350 

0.120 

0.290 

0.046 

0.240 

0.175 

0.620 

0.478 

0.730 

0.143 

0.440 

0.292 

1.350 

0.066 

1.550 

0.410 

l.o4o 

0.204 

0.800 

0.099 

0.870 

0.119 

0.870 

0.112 

16.000 

2.772 

1.220 

0.265 

14.000 

2.156 

l.o4o 

0.120 

0-530 

0.260 

0.440 

0.102 

1.570 

O.I65 

0.530 

0.260 

0.480 

0.193 

1.570 

0.193 

4.700 

0.308 

3.600 

0.337 

1.200 

0.195 

0.900 

0.210 

0.620 

0.195 

2.400 

0.121 

0.800 

0.120 

0.570 

0.120 

1.350 

0.572 

0.620 

0.175 

0.530 

0.196 

0.410 

0.225 

0.480 

0.174 

0.570 

0.174 

1-570 

0.110 

1.570 

0.135 

2.400 

0.161 

0.730 

0.270 

0.320 

0.250 

0.350 

0.193 

1.450 

0.068 

O.38O 

0.210 

0.750 

0.250 

3.600 

0.308 

6.000 

0.713 

7.000 

0.387 

3.600 

0.308 

6.200 

0.275 

7.800 

0.275 

1.450 

0.264 

1.450 

0.188 

2.040 

0.326 

1.040 

0.091 

0.870 

0.154 

0.730 

0.237 

O.290 

0.210 

0.148 

0.209 

0.270 

0.150 

0.480 

0.140 

0.148 

0.095 

0.148 

0.095 

1.450 

0.211 

I.850 

0.184 

1.220 

0.210 

0.225 

0.0 

0.680 

0.095 

0.620 

0.095 

1.450 

0.130 

0.350 

0.162 

0.350 

0.151 

1.140 

0.204 

0.530 

0.146 

0.570 

0.159 

0.870 

0.190 

0.730 

0.112 

0.680 

0.111 

0.730 

0.091 

0.460 

0.080 

0.620 

0.193 

0.320 

0.260 

0.480 

0.078 

0.410 

o.ioe 

20.000 

2.552 

23.000 

2.262 

24.000 

2.544 

1.040 

0.210 

0.420 

0.210 

0.400 

0,210 

1.570 

0.143 

0.460 

0.146 

0.480 

0.183 

4.000 

0.468 

1.350 

0.194 

1.220 

0.265 

14.500 

1.320 

16.200 

1.560 

21.800 

1.460 

0.410 

0.175 

1.220 

O.I69 

0.175 

0.175 

0.175 

0.095 

0.148 

0.095 

0.115 

0.095 

0.940 

0.007 

0.410 

0.196 

0.148 

0.105 

0.940 

0.193 

0.528 

0.195 

1.280 

O.250 

2.040 

0.209 

2.400 

0.174 

2.600 

0.249 

4.000 

0.518 

4.700 

0.555 

3.300 

0.481 

2.040 

0.470 

2.640 

0.195 

1.570 

0.195 

0.940 

0.140 

0.076 

0.095 

0.115 

0.095 

2.400 

0.725 

2.800 

0.336 

4.700 

0.322 

1.450 

0.160 

1.570 

0.326 

0.870 

0.387 

3.050 

0.693 

17.000 

1.508 

4.000 

0.546 

17.000 

2.706 

17.000 

2.706 

17.000 

2.310 

1.700 

0.143 

0.530 

0.142 

0.480 

0.159 

1.350 

0.165 

0.410 

0.173 

0.530 

0.095 

3.600 

0.777 

2.800 

0.858 

2.800 

0.591* 

1.400 

0.250 

1.230 

0.250 

2.000 

0.250 

25.000 

0.900 

38.000 

0.770 

35.000 

0.840 
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TABLE  10.15  INDIVIDUAL  VRIdT-BODY  BADGE  DATA  iCONTDfUEL) 


Body  Badge 

Writt  Bade 

e  (Rt) 

Wrist  Br.dge 

(Left) 

(rep) 

(rep) 

W 

(rep) 

(rt 

1*350 

0.167 

0.570 

0.175 

0.530 

0.175 

0.730 

0.071 

0.620 

0.095 

0.570 

0.146 

0.620 

0.260 

0.800 

c.166 

0.870 

0.259 

0.620 

0.182 

1.350 

C.110 

0.800 

0.188 

0.9**0 

0.135 

0.J-9C 

0.140 

0.190 

0.150 

17.000 

1.04o 

16.000 

1.125 

18.000 

2.294 

29.OOO 

2.332 

24.000 

1.584 

25.000 

1.320 

1.510 

0.077 

0.750 

O.250 

1.070 

0.250 

2.500 

0.960 

12.000 

3.306 

9.500 

2.750 

6.500 

0.314 

64.000 

1.200 

64. COO 

1.200 

1.040 

0.228 

0.190 

0.291 

0.530 

0.120 

3.050 

0.495 

3.600 

0.732 

4.300 

0.545 

0.0 

0.064 

0.076 

0.0 

0.115 

0.064 

35.000 

1.040 

42.000 

1.850 

20.000 

1.250 

0.350 

0.0 

0.350 

0.095 

0.350 

0.095 

5.100 

0.375 

49.000 

2.040 

20.000 

1.624 

2.400 

0.145 

2.400 

0-202 

1.850 

0.246 

25.00o 

1.064 

3-970 

1.443 

4.270 

0.654 

1.040 

0.118 

0.350 

0.210 

0.440 

0.175 

0.410 

0.448 

19.000 

1.040 

30.000 

1.000 

1.700 

0.590 

2.200 

0.224 

2.200 

0.290 

4.000 

0.362 

0.730 

0.381 

1.570 

0.290 

1.450 

0.225 

1.O40 

0.264 

1.570 

0.29C 

0.350 

0.215 

1.140 

0.108 

0.730 

0.108 

0.32c 

0.175 

0.290 

0.14jl 

0.250 

0.095 

J.870 

0.175 

0.  030 

0.207 

0.620 

0.111 

1.700 

0.080 

2.040 

0.312 

2.400 

0.276 

of  the  film  badge  to  a  mixed  xadiaticn  field. 

From  the  standpoint  of  ease  of  issue,  collection,  and  processing, 
the  clip-on  shield,  pren'mbering -prepackaging  features  of  the  H)-7  badge 
proved  to  best  meet  the  requirements  of  a  field  badge. 

The  use  of  the  probit  system"  and  of  correction  factors  in  evalu¬ 
ating  gamra  dosage  may  have  increased  the  accuracy  of  interpretation 
somewhat,  but  the  additional  time  required  to  introduce  those  factors 
is  not  justified  in  a  field  situation. 

For  future  operations,  it  is  recommended  that  a  film  packet  be 
utilized  vrith  the  fo.l  \ng  features:  (l)  two  film  packets  with  high 
and  low -range  films]  prenumbered  packets  presealed  in  waterproof 
coverings;  (3)  a  single  clip-on  gu.  fr.  m 1  shield  and  a  single  clip-on  beta 
shield  made  of  plastic  material;  and  (k)  a  metu.L  eyelet  so  that  the 
badge  can  be  worn  on  a  chain  hung  around  the  neck. 

It  is  recommended  that  interpretation  procedures  be  designed  to 
obtain  film  data  quickly  after  use  of  the  film  on  many  individuals  and 
to  produce  these  data  with  a  re3atively  small  number  of  dosimetry 
personnel.  Interpretation  should  be  compatible  with  basic  accuracy  of  the 
film;  no  attempt  should  be  mede  to  attain  the  precision  expected  for 
scientific  research.  A  record  system  can  be  set  up  that  will  enable  a 
small  number  of  dosimetry  personnel  to  maintain  dosage  control  records 
for  large  numbers  of  personnel. 

To  simplify  dosage -control  procedures  during  field  operations,  it 


The  probit  system  (Reference  23)  is  a  method  for  plotting  film  calibra¬ 
tion  curves.  In  this  method  densities  are  pjotted  versus  log  exposures, 
obtaining  straight-line  relationships.  Ordinarily,  densities  are  plotted 
versus  exposures,  resulting  in*a  curve  vhlch  is  inaccurate  at  its  extremities. 
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TABLE  .10.16  3ETA-TO-GA)#4A  D0S2  RATIO  FROM  FILM-BADGE  DATA 


0  /y  Ratio 

Distribution 

No.  of  Dotages 

Percent  of  Total 

1 

lo 

2.7 

1  -  2 

by 

13-9 

2  -  3 

100 

19.2 

3  -  4 

106 

lo.l 

4  -  5 

65 

12.9 

5  -  6 

74 

11.2 

6  -  7 

44 

6.7 

7  -  8 

21 

3-5 

8  -  9 

23 

3-5 

9-10 

27 

4.1 

10-11 

13 

2.0 

11  -  12 

17 

1.8 

12  -  13 

6 

0.9 

13  -  14 

9 

1.4 

14  -  19 

7 

1.1 

19  -  20 

11 

1.7 

20  -  30 

5 

0.8 

30 

6 

0.9 

TOTAL 

_ 

100.0 

is  recommended  that  more  continuity  be  given  to  records  of  personnel 
exposure.  For  example,  if  a  control  record  system  could  be  established 
for  documenting  the  radiation  exposure  of  all  personnel  participating 
in  field  operations,  it  should  be  possible  to  use  an  increased  time  scale 


TABLE  10.17  ENVIRONMENTAL  MONITORING,  SITE  ELMER 


Dates 

Covered 

^  Avers -c  Garraa 
(nr/day) 

Average  Beta 
(nrep/day ) 

£3/7  Ratio 

4-6-54 

to  4-10-94 

64 

313 

4.9 

4-10 

to  4-17 

47 

210 

4.5 

4-17 

to  4-24 

26 

173 

6.7 

4-24 

to  9-1 

21 

195 

9.3 

C-1 

to  5- 

22 

141 

6.4 

5-6 

to  5-15 

25 

“ 

for  establishing  the  upper  limit  for  field-operation  radiation  exposure. 
Instead  of  using  the  current  13  weeks -3. 9  r  value,  it  is  recommended 
that  the  annual  15  r  figure  be  used.  The  system  would  work  as  follows: 

A  card  would  be  made  out  for  each  individual  indicating  the  amount  of 
radiation  exposure  received  during  the  past  calender  year.  An  entry 
would  be  made,  indicating  the  amount  of  dosage  expected  to  be  used  at  the 
person's  home  station  during  the  current  year.  The  difference  between 

TABLE  10.18  ENVIRONMENTAL  MONITORING,  '■’AD -SAFE  CENTER 


Dates  Covered 

Average  Gamma 
(rnr/day) 

Average  Beta 
(nrep/day) 

P//  Ratio 

4-1  to  4-8-54 

52 

124 

2.4 

4-8  to  4-l4 

46 

85 

1.8 

4-l4  to  4-24 

71 

53 

0.7 

4-24  to  5-1 

28 

57 

2.0 

5-1  to  5-8 

46 

76 

1.7 

5-11  to  5-19 

28 

80 

2.9 
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the  total  of  these  two  values  and  30  r  would  he  the  maximum  amount  of 
dosage  available  for  use  during  the  current  field  operation.  For 
example,  an  individual  received  8  r  during  the  preceeding  calendar  year 
and  expected  to  receive  5  r  at  his  home  station  for  the  balance  of  the 
current  year.  Therefore,  30  -  (8  {•  5)  =  17  r  would  be  the  maximum 
allowable  exposure  of  that  individual.  This  does  not  mean  that  an  expo¬ 
sure  of  17  r  is  encouraged  or  even  recommended.  Radiation  exposure 
should  be  kept  to  a  minimum  at  all  tiroes.  However,  this  does  mean  that 
if  that  individual  received  17  r  he  would  be  immediately  removed  from 
the  possibility  of  receiving  any  additional,  radiation  exposure. 

Such  a  system  makes  dosage  control  an  automatic  system  and  elimi¬ 
nates  the  need  for  waivers.  It  is  also  a  more  realistic  approach,  since 
it  requires  a  more  complete  dosage  record  be  maintained  than  is  currently 
establisned.  In  addition,  this  system  prevents  any  individual  from 
knowingly  receiving  more  than  30  r  during  any  two  calendar  year  periods, 
which  is  th .  current  recommendation  of  the  AEC,  the  International 
Committee  on  Radiation  Protection,  BuMed  and  Surgery,  and  others. 

10.3«5  Support  Facilities.  The  Change  House  facilities  that  were 
available  on  Site  Elmer  were  used  jointly  by  Project  6.4  and  the  TU-7 
Rad-Safe  Unit.  Subordinate  facilities  were  employed  on  the  field  and 
consisted  of  dress -out  and  check  stations  on  board  ships  and  on  Site 
Fred.  The  Elmer  center  was  equipped  with  showers,  ^ead,  dressing  and 
contaminated -clothing -removal  rooms,  clothing-storage -and-issue  rooms, 
a  counting  room,  an  instrument-storage -and-repair  room,  photo-dosimetry¬ 
processing  spaces,  and  office  spaces. 

The  protective  equipment  furnished  by  Project  6.4  was  added  to  the 
existing  TU-7  stocks,  and  an  issue  system  from  the  combined  stocks  was 
established.  A  chit  issue  and  control  system  was  set  up  wherein  informa¬ 
tion  was  noted  daily  as  to  quantities  issued  of  clothing  and  film  badges. 
Table  10.19  is  a  summary  of  the  quantities  issued  each  day  of  the  operation. 
This  table  is  a  fair  index  of  the  levels  of  work  activity  during  the 
operation. 

The  items  issued  were  determined  by  the  problem  leaders  on  the 
basis  of  the  radiological  conditions,  the  type  of  work  to  be  carried  out, 
and  recommendations  from  Rad-Safe  personnel.  Problem  leaders  assumed 
the  responsibility  for  items  issued  to  the  various  teams.  A  daily  shelf 
inventory  was  initiated  wherein  shortages  in  supply  could  be  anticipated. 
When  feasible,  clothing  issue  was  made  the  day  prior  to  an  operation  by 
Cnange  House  personnel  using  a  list  of  names  and  sizes  to  assemble  com¬ 
plete  sets  of  protective  clothing.  This  system  facilitated  the  processing 
of  personnel  through  the  Change  House. 

Existing  facilities  (such  as  the  shower,  clothing -change  spaces, 
clothing-storage -and-issue  room,  and  the  clothing-collection -and-laundering 
system)  that  had  been  set  up  by  TU-7  were  used  wherever  possible.  A  tent 
was  set  up  as  a  station  for  monitoring  and  contaminated-clothing  removal. 

A  system  was  established  whereby  all  personnel  returning  from 
operational  work  received  a  person -and -clothing  monitoring  survey  at 
the  entrance  to  the  Change  Tent.  Following  this  survey,  all  clothing 
was  removed  and  placed  in  separate  containers  for  each  item  of  apparel. 

An  attempt  was  made  to  keep  noncontaminated  items  separate  for  reuse 
without  laundering.  The  guide-lines  used  were  a  meter  reading  of 
10  mr/hr,  open-window,  for  clothing  and  10  mr/hr,  closed-window,  for 
shoes . 
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Ttnrx  10.19  QMAvrrrnis  or  proisctcve  iquipxkht  issuxd 


Date 

No*  of  j 

Persons 

Badged 

U 

* 

(£  X 

A!  +> 

0  03 

X  U 

W  r-f 

Socks, 

cotton 

Overshoes,  j 
rubber 

Booties, 

canvas 

Gloves, 
rubber ; 
acid 

resistant  | 

Gloves, 
leather  and 
cotton 

Undervear 

Trousers 
and  Shirts, 
cotton 

1 

Coveralls,  j 

cotton  i 

Suits, 

plastic 

Caps 

Face 

Shields, 
plast  ic 

a 

UJ  1T\  CjV 

Sg* 

2-9  Melt 

— 

75 

49 

40 

22 

176 

60 

193 

31 

7 

87 

31 

25 

24 

6mk5 

10  Mar 

mm, 

8 

- 

- 

- 

4 

2 

7 

- 

12MK9-3MK9 

28  Mar 

2 

- 

3 

- 

3 

2 

3 

3 

“ 

* 

29  Hor 

mm. 

9 

n 

4 

26 

- 

34 

- 

1 

29 

19 

- 

30  Mar 

54 

8 

32 

- 

o7 

n 

** 

75 

65 

- 

4MK5 

31  Mar 

279 

84 

2 

127 

- 

286 

32 

25 

123 

- 

130 

- 

- 

1  Apr 

201 

“*3 

1 

43 

11 

102 

45 

1 

55 

12 

75 

- 

- 

2  Apr 

96 

22 

25 

- 

82 

- 

81 

31 

- 

56 

85 

- 

3  Apr 

167 

49 

74 

1 

30 

- 

147 

47 

1 

34 

12 

94 

18 

- 

4  Apr 

86 

32 

81 

21 

99 

31 

100 

70 

8 

102 

- 

47 

8 

“ 

5  Apr 

U9 

37 

93 

- 

124 

26 

113 

57 

13 

149 

31 

124 

6  Apr 

x32 

46 

69 

- 

51 

3 

54 

38 

7 

61 

- 

28 

- 

7  Apr 

64 

21 

30 

- 

54 

- 

57 

20 

7 

63 

6 

12 

|  1 

* 

8  Anr 

90 

14 

12 

20 

20 

- 

28 

7 

12 

38 

- 

2 

- 

9  Apr 

127 

67 

100 

3 

129 

15 

190 

63 

10 

14  7 

- 

39 

- 

- 

10  Apr 

105 

38 

23 

3 

- 

3 

96 

38 

5 

41 

- 

- 

* 

11  Apr 

36 

5 

6 

- 

3 

- 

61 

5 

6 

5 

- 

- 

12  Apr 

275 

57 

119 

38 

126 

12 

221 

83 

21 

172 

2 

78 

" 

8MK5 

13  Apr 

52 

34 

30 

9 

35 

5 

“5 

18 

5 

37 

4 

18 

- 

4mk9 

27  Apr 

95 

37 

47 

2 

84 

- 

96 

36 

55 

- 

- 

- 

29  Apr 

43 

36 

37 

- 

37 

- 

50 

37 

1 

37 

- 

37 

- 

?9  Apr 

71 

7 

74 

- 

34 

- 

53 

39 

- 

30 

- 

- 

1 

59 

C 

J 

7 

2 

10 

- 

14 

3 

11 

- 

3 

- 

6  May 

66 

26 

29 

- 

49 

- 

51 

3 

30 

- 

47 

" 

8  May 

236 

32 

33 

1 

47 

3 

58 

32 

- 

35 

- 

35 

" 

- 

9  May 

08 

5 

42 

13 

60 

13 

98 

41 

' 

79 

12 

82 

- 

- 

10  May 

95 

8 

10 

2 

14 

- 

20 

5 

- 

18 

- 

- 

6 

11  May 

161 

8 

10 

- 

29 

- 

35 

- 

- 

13 

- 

8 

- 

- 

12  May 

78 

s 

6 

- 

12 

- 

50 

5 

- 

25 

- 

10 

- 

" 

13  May 

90 

118 

7 

- 

11 

- 

46 

4 

” 

•7 

- 

3 

- 

- 

15  May 

132 

15 

101 

15 

- 

1 

101 

50 

- 

101 

- 

59 

- 

- 

16  May 

51 

8 

19 

4 

14 

- 

32 

15 

- 

47 

- 

38 

- 

37  Hay 

131 

32 

33 

3 

16 

- 

55 

4 

3 

98 

30 

62 

- 

- 

18  May 

94 

30 

47 

- 

16 

- 

44 

4l 

- 

108 

- 

28 

- 

- 

19  May 

71 

28 

26 

1 

- 

- 

11 

50 

- 

97 

- 

31 

- 

- 

20  May 

56 

14 

24 

- 

- 

- 

2 

23 

- 

100 

- 

24 

- 

- 

21  May 

80 

9 

16 

2 

2 

12 

2 

25 

_ 

s 

From  the  clothing -removal  tent,  all  personnel  passed  through  the 
shower.  Complete  body -monitoring  surveys  vere  then  made  of  all  personnel 
and  special  measures  were  taken  to  remove  any  remaining  skin  contamina¬ 
tion.  Permissible  level  for  skin  contamination  was  a  meter  reading  of 
1  mr/hr,  open-window.  Usually  showering  or  hand  washing  with  soap  removed 
all  detectable  skin  contamination.  Certain  stubborn  cases  required 
special,  treatment  such  as:  (l)  corn-meal  abrasive  in  addition  to 
powdered  detergent;  (2)  citric  acid;  (3)  trisodium  phosphate;  and  (4) 
grease -removal  creams. 

All  dosimeters  were  collected  at  the  clothing-removal  tent  for 
processing. 

The  major  portion  of  personnel  and  clothing  contamination  occurred 
after  Shots  2  and  5*  During  decontamination  and  recovery  operations, 
the  clothing  of  as  many  as  60  percent  of  the  Project  6.4  personnel  and 
ship's  crew  became  contaminated.  Clothing  contamination  varied  from 
40  to  500  mr/hr.  In  some  instances,  glove  and  bootie  contamination  was 
as  high  as  30  r/hr.  Approximately  25  cases  in  which  personnel  had 
excessive  body  contamination  were  noted.  Ail  cases  were  successfully 
decontaminated;  no  serious  contamination  accidents  occurred  during  the 
Project  6.4  operation. 
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Decontamination  of  clothing  was  carried  out  In  a  separate  laundry 
operated  by  civilian  contractor  personnel  under  the  guidance  of  the  Task 
Force  Rad-Safe  organization.  Clothing  for  laundering  was  segregated 
according  to  the  degree  of  contamination.  Items  reading  up  to  200  mr/hr 
vere  sent  for  immediate  laundering.  Items  contaminated  to  higher  levels 
were  held  in  an  isolated  storage  area  for  decay  to  the  above  level  before 
laundering. 

Operation  of  the  Change  Station  had  been  proposed  as  a  Joint  effort 
of  the  Project  6.4  and  TO -7  Rad-Safe  organization.  With  the  exception 
of  maintenance  of  laundering  services  and  removal  of  certain  clothing 
stocks,  the  bulk  of  the  task  was  handled  by  the  Project  6.4  organization. 
With  the  limited  numbers  of  personnel  assigned,  it  was  not  possible  to 
operate  the  station  at  the  required  peak  of  efficiency.  In  particular, 
during  rush  periods  of  clothing  issue  for  personnel  embarking  on  an 
operation  and  processing  returning  personnel,  the  operations  were  slowed 
as  a  result  of  the  shortage  of  Change  House  personnel. 

Shortages  developed  in  the  supply  of  certain  protective  clothing 
items.  The  most  serious  shortages  were  in  cotton  gloves,  socks,  under¬ 
wear,  and  certain  shoe  sizes.  It  was  found  that  cotton  gloves,  in  many 
cases,  were  nonusable  after  one  laundering,  due  to  excessive  shrinkage. 
Socks  and  underclothing  disappeared  through  pilferage.  Shoes  became 
short  in  supply  through  pilferage  and  through  large  numbers  being  tied 
up  in  storage  for  decay  of  contamination. 

In  spite  of  the  above  difficulties,  the  overall  mission  of  the 
Change  House  was  accomplished.  All  personnel  engaging  in  operational 
work  were  provided  adequate  protective  equipment,  and  the  monitoring 
and  decontamination  of  returning  personnel  proved  satisfactory  in 
preventing  injury  to  personnel  and  controlling  the  spread  of  contamination. 

It  is  recommended  that  in  future  operations  pre -operational  planning 
consider  a  more  realistic  number  of  personnel  to  be  available  for  change - 
house  operation.  Personnel  and  space  commitments  for  change -nouse 
operation  from  outside  organizations  should  be  very  firm  and  without 
need  for  further  interpretation  in  the  field. 

The  protective  equipment  requirements  for  an  operation  should  be 
estimated  with  generous  allowances  for  contingencies.  If  clothing  is 
to  be  supplied  from  outside  sources,  a  clear  understanding  should  be 
reached  as  to  the  quantities  available. 

A  careful  clothing  control  system  is  indicated  for  personnel 
returning  from  work  in  contaminated  areas  to  minimize  losses.  A  chit 
system  for  controlling  the  return  of  clothing  is  too  cumbersome  to  be 
effective,  but  a  very-rigid  flow  system  for  personnel  may  be  successful. 

10.3.6  Air  Sampling.  The  prime  objective  of  the  air-sampling 
program  was  collecting  information  about  airborne  activity  encountered 
during  the  decontamination  phase  of  the  Project  6.4  operation.  The 
following  operations  vere  carried  out  to  collect  the  data  for  assessing 
the  hazards  encountered:  (l)  air  sampling  for  shipboard  and  decontami¬ 
nation  operations;  (2)  fallout  air  sampling;  (3)  particle-size  determina¬ 
tions,  and  (4)  gamma -background  monitoring. 

The  program  on  the  test  ships  revealed  no  air  concentrations 
greater  than  of  the  order  of  10" ‘  jnc/cc,  either  above  or  below  decks 
during  all  decontamination  operations,  except  for  very  local  conditions 
caused  by  operation  of  the  Tennant  machine.  Consequently,  respiratory 
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protection  was  not  required,  except  for  the  Tennant  machine  operations. 
Tables  10.20  through  10.22  give  results  of  air  samples  taken  on  the 
YAG  39  and  YAG  ho  and  on  Site  Fred  during  normal  work  and  during  decon¬ 
tamination  operations. 

Concentration  samples  were  taken  of  fallout  activity,  both  on 
board  ship  and  on  Site  Elmer.  The  shipboard  samples  were  given  an 
immediate  check  with  a  beta-ionization  chamber  and  later  counted  in  the 
Elmer  counting  facility.  Table  10.23  lists  fallout  activities  obtained. 
All  counting  results  are  corrected  for  decay.  The  beta-ionization- 
chamber  readings  showed  fairly  good  correlation  with  the  results  of 
laboratory  counting.  Only  one  fallout  air  sample  indicated  activity 
levels  above  the  allowable  limit  of  10"°  jic/cc,  and  that  only  for  a 
short  period  of  time. 

TABLE  10.20  AIR  SAMPLING  DATA,  YAG  39  OPERATIONS 


Date 

Location 

Actiril 

(rc/cc 

3-3-54 

Topside,  nain  deck 

1.4  x 

3-3 

Topside,  nain  deck 

5.2  x 

3-4 

Topside,  nair.  deck 

1.7  x 

3-4 

Topside,  main  deck 

1.7  x 

3-4 

Topside,  nain  deck 

9.4  x 

3-4 

Topside,  nain  deck 

8.6  x 

3-4 

Topside,  main  deck 

1.0  x 

3-4 

Topside,  main  deck 

5.0  x 

3-23 

Stateroom  No.  4 

1.4  x 

3-28 

Topside,  main  deck 

3-5  x 

3-28 

Hold,  tlo.  4 

1.1  X 

3-28 

Radioroam 

9.0  x 

3-29 

Crew's  Quarters 

2.6  x 

3-29 

Crew's  Quarters 

3-5  x 

3-29 

Crew's  Quarters 

1.6  x 

4-2 

Flying  Bridge 

9.7  x 

4-2 

Topside,  No.  3  Cubicle 

2.3  x 

4-2 

Topside,  Nc.  3  Cuticle 

3.2  X 

4-2 

Topside,  Ho.  2  Hold 

2.3  x 

4-2 

Topside,  No.  2  Hold 

1.5  x 

4-5 

Topside,  Ait  Deck  House 

1.1  X 

4-6 

Topside,  Boat  Deck 

3.4  x 

4-7 

Topside,  Kidship  area 

5.1  X 

4-9 

Tooside,  Nc.  1  King  Post 

1.2  x 

4-9 

Flying  Bridge 

1.4  x 

5-11 

Topside,  No.  5  Hold 

1.2  x 

5-11 

Topside,  Amidships 

6.2  x 

5-16 

Topside,  01  Deck 

1.7  x 

5-17 

Topside,  Boat  Deck 

3.0  x 

5-17 

Topside,  Boat  Deck 

7.0  X 

5-17 

Topside,  Fantail 

8.0  x 

5-17 

Topside,  Boat  Deck 

1.0  x 

5-17 

Topside,  Boat  Deck 

1.3  x 

5-18 

Topside,  Boat  Deck 

2.5  x 

5-18 

Topside,  Boa'.  Deck 

1.8  x 

10' 

■9 

10' 

•10 

10- 

■10 

10- 

■10 

10' 

■10 

10' 

■10 

io-9 

10' 

■9 

10' 

■9 

10' 

■9 

10' 

-9 

10' 

■10 

10' 

•9 

10- 

-9 

10- 

•9 

10' 

•9 

10' 

•9 

10‘ 

-9 

10' 

-9 

10" 

-9 

10*8 

10' 

-9 

10' 

•9 

10-9 

10' 

-9 

10-8 

10' 

•10 

10' 

-9 

10' 

-9 

10' 

-8 

10' 

-10 

10' 

-9 

10' 

-9 

10' 

-9 

10' 

-9 

In  connection  with  particle -size  studies,  cascade  impactors  were 
operated  during  conditions  of  fallout  on  board  ship  and  on  Site  Elmer. 
This  device  gave  a  rough  approximation  of  the  specific  activity  of  the 
various  sizes  of  particles  in  the  air  stream  from  0.5  through  8.9  microns 
by  virtue  fractionation  on  five  stages.  The  determination  is  made  by 
measuring  the  beta  activity  of  aerosol  particles  on  the  slides.  At  the- 
17*5  liter/min  flow  rate  of  the  cascade  impactor,  a  several -hour  sample 
was  required  in  order  to  buildup  enough  fractionated  particles  to  obtain 
a  significant  count  and  subsequent  determination  of  the  median  particle 
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ZASLX  10.21  AIR  SAMPLUO  DAXA.  TAG  40  OPBRATIOK8 


Date 

Location 

Activity 

0»e/cc) 

3-3-51* 

Boiler  Roan 

1  x  10‘n 

3-3 

Boiler  Roan 

1.4  x  10-10 

3-3 

Bold.  "  Room 

7.9  x  10-11 

3-3 

Boiler  Roan 

3.5  x  io-n 

3-3 

Boiler  Roan 

9.7  x  10-H 

3-30 

Engine  Roan 

1.6  x  10-7 

3-30 

No.  4  Hold 

8.8  x  1C"S 

3-30 

Engine  Room 

1.2  x  io*7 

3-30 

Engine  Roan 

4.2  x  10-Q 

3-30 

No.  4  Hold 

1.7  x  10'° 

4-4 

No.  3  Hold 

2.6  x  10-° 

4-4 

No.  3  Hold 

4.5  x  10-8 

4-6 

Engine  Room 

9.0  x  10'11 

4-6 

Engine  Roan 

2.2  x  10-9 

4-6 

No.  4  Hold 

9.0  x  10" „ 

4-6 

No.  3  Cubicle 

3.8  x  10-° 

4-7 

Engine  Roan 

2.5  x  10*10 

4-7 

Top  Aft  Deck  House 

2.3  x  10-9 

4-8 

Engine  Roan 

4.0  x  10*9- 

4-fc 

Engine  Roan 

3-6  x  10-9 

4-9 

Topside,  No.  1  Kingpost 

6.0  x  10-10 

4-12 

Fligfct  Deck 

8.9  x  10"10 

4-12 

Topside,  01  Deck 

1.1  x  10*9 

4-12 

Topside,  01  Deck 

2.5  X  10-6 

4-12 

Topside,  01  Deck 

8.6  x  10-9 

4-12 

Topside,  01  Deck 

l.l  x  10-9 

4-12 

Flight  Deck 

1.2  x  10'10 

4-12 

Topside,  01  Deck 

2.4  x  10*10 

4-12 

Topside,  01  Deck 

3.0  x  10‘9 

4-12 

Topside,  01  Deck 

1.6  x  10'-° 

4-12 

Topside,  01  Deck 

1.3  x  10-9 

4-13 

Topside,  No.  4  Hold 

5.9  x  10-9 

4-13 

Tennant  Machine  Opns. 

8.0  x  io-9 

5-17 

Topside,-  No.  3  Hold 

3.5  x  io-8 

5-17 

Topside,  No.  3  Hold 

9.8  x  10-9 

5-10 

Topside,  No.  5  Hold 

3.1  x  io‘9 

5-18 

Topside,  No.  5  Hold 

2.3  x  10-9 

5-21 

Topside,  Boat  Deck 

3.4  x  10-9 

5-21 

Topside,  Boat  Deck 

2.3  x  10-9 

5-21 

Topside,  Boat  Deck 

4.9  x  10-9 

5-21 

Topside,  Boat  Deck 

4.3  x  10-8 

5-21 

Topside,  Beat  Deck 

1.1  x  10  6 

size.  From  a  consideration  of  the  air-jet  velocity  in  each  stage  and  by 
the  use  of  assumption  that  aerosol  fission  products  will  be  attached  to 
NaCl  nuclei  (particle  density,  2.l6  g/a)  from  the  shot.  Table  10.24  has 
been  prepared  shov_ag  the  relationship  of  particle  size  to  the  jet  stage. 

Table  10.25  is  a  summary  of  the  particle-size  information  gained 
from  cascade  impactor  air  sampling. 

A  background  gamma  monitoring  station  vas  set  up  in  the  Change 
House  on  Site  Elmer  to  gain  information  concerning  fallout  gamma  back¬ 
ground  and  its  relation  i o  air  concentrations  of  fallout  activity. 

Figures  10.1  and  10.2  show  the  time-activity  relationship  for  fallout 
airborne  and  gamma  activity  for  Shot  2.  It  is  seen  that  the  airborne - 
activity  record  gives  a  clearer  picture  of  the  incidence  laid  depar¬ 
ture  of  the  fallout  cloud  than  the  gamma  record  and  should  be  of  greater 
value  in  determining  the  incidence  of  successive  fallout  when  the  gamma 
background  situation  is  higher  than  normal. 

From  the  airborne -gamma -activity  data  for  fallout  contamination 
a  rough,  order -of -magnitude  relationship  between  airbor®  activity  and 
rate  of  gamma  buildup  vas  derived.  Table  10.26  shows  the  airborne 
activities  to  be  expected  from  various  rates  of  g^rma.  builuup. 
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TIME  AFTER  T0  (HR) 


Figure  10.1  Camma  background  record  of  fallout  on  Site 
Elmer  following  Shot  2. 


TABLE  10.22  AIR  3AKPLIB0  DATA,  SITE  ERE)  QPXRATIOK 


Data 

Location 

letiYlty  (je/ee) 

3-31-54 

2.7  x  io“9 

3-31 

1.8  x  10*9 

3-31 

1.1  x  10*9 

3-31 

2.3  x  10“9 

3-31 

9.0  x  10-10 

3-31 

1.6  x  10-9 

3-31 

1.8  x  10*9 

3-31 

8.0  X  10*1° 

4-1 

2.4  x  10‘8 

4-1 

1.2  x  10'“ 

4-3 

7.0  x  10'8 

4-3 

9.8  x  10*10 

4-5 

7.9  x  10"10 

4-6 

4.1  x  10-9 

4-6 

4.2  x  10-?_ 

4-7 

8.9  x  10-i0 

4-7 

5.8  x  10*9 

4-7 

,  15  £  1!  M  ft ?  • 

3.5  x  10-? 

4-7 

3.5  x  10-9 

4-8 

7.1  x  10*1° 

4-8 

1.0  x  10*9 

4-30 

1.7  x  10-9 

4-30 

4.5  x  10*1° 

5-8 

5.0  x  10-10 

5-10 

3.1  x  10*9 

5-10 

1.2  x  10'8 

5-H 

1 

Aircraft  Decontamination  Area 

2.1  x  10*9 

It  is  of  interest  to  consider  if  measurable  amounts  of  fission 
product  are  excreted  in  the  urine  as  a  function  of  levels  of  airborne 
activity.  Available  data,  from  samples  submitted  by  personnel  from  the 
Belle  Grove,  indicate  that  no  detectable  urine  contamination  resulted  from 
exposure  to  airborne  concentrations  of  the  order  of  10“°  jic/cc.  These 
samples  were  collected  k  to  10  days  after  exposure  and  assayed  25  to  30 
days  after  collection.  Table  10.27  shows  above-deck  gamma-background 
levels  measured  on  the  Belle  Grove  (LSD2)  at  the  33“®i  circle  on 
1  March  195^  and  their  relation  to  the  airborne  concentrations  as  derived 
from  Table  10.26. 

The  practical  consideration  of  the  allowable  limits  of  airborne 
specific  activity  should  be  approached  from  the  allowable  integrated  dose 
for  an  operation.  The  permissible  concentration  for  a  ^0 -hr -week  working 
year  is  10 ~9  ^ic/cc  for  unknown  radioactive  material,  but  the  decay  factor 
of  fission  product  contamination  allows  a  working  figure  at  one  day  of 
of  10 "6  jic/cc. 

Air  samples  are  taken  for  the  purpose  of  determining  the  average 
concentration  of  airborne  activity  in  a  working  area.  Respiratory 
equipment  is  cumbersome  and  reduces  efficiency  of  the  worker;  current 
airborne -activity  information  is  necessary  to  determine  whether  such 
respiratory  equipment  is  necessary. 

Gamma  background  monitoring  Is  a  useful  way,  when  combined  with 
an  air-sampling  program,  of  determining  the  incidence  of  fallout.  An 
order -of -magnitude  figure  for  airborne  activity  can  be  obtained  by 
measuring  the  rate  of  build  up  of  gamma  activity  from  fallout 
contamination. 
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TABLE  10.23  AIR  SAMPLING  DATA,  FALLOUT  ACTIVITY 


Date 

Location 

Counting  Results  Corrected 
to  Sampling  Time  (ue/cc) 

Time 

Shot  1 

3-1 

ATF  106 

5  x  10"9 

0800 

3-1 

ATF  106 

5  x  io;2  . 

0930 

3-1 

ATF  106  • 

5  X  10  J 

1100 

3-1 

A'lT  106 

1  x  10-9 

1445 

3-1 

AIT  106 

7.5  x  10-7 

1550 

3-1 

ATF  106 

8.6  x  10  ' 

1620 

3-1 

ATF  106  (Interior 

8.6  x  lO-0 

1700 

3-1 

ATF  106 

6.7  x  10-7 

1740 

3-1 

ATF  106  (interior 

4.0  x  10*7 

1935 

3-1 

ATF  106 

5.3  x  10-7 

2000 

3-2 

ATF  106  (Interior]  1.4  x  10‘7 

0820 

3-2 

ATF  106 

9.0  x  10-O 

0930 

3-2 

ATF  106 

8.3  x  lO-0 

1300 

3-2 

AIT  106 

6.2  x  1O'0 

1630 

3-1 

ATF  114 

6.5  x  lO'8 

1600 

3-1 

ATF  114 

5.0  x  10-7 

1630 

3-1 

ATF  114 

3.5  x  10-7 

1830 

3-1 

AIT  114 

4.6  x  10*7 

1900 

3-1 

ATF  114 

5.4  x  10-7 

2030 

3-2 

ATF  114 

1.2  x  10-7 

0830 

3-3 

L’ljncr 

3.2  x  10-9 

1030 

3-3 

Elmer 

3.3  x  10*9 

1145 

Shot  2 

3-3 

Elmer 

1.7  x  10*9 

- 

3-3 

Elmer 

1.3  x  10-9 

- 

3-3 

Elmer 

1.5  x  10*9 

- 

3-3 

Elmer 

2.7  x  10*10 

- 

3-3 

Elmer 

7.7  x  10-1° 

3-3 

Elmer 

7.2  x  10-10 

- 

3-27 

ATT  10  6 

1  x  10-9 

0710 

3-27 

ATF  106 

1  x  10-9 

1000 

3-27 

AIT  106 

1  x  10-9 

1130 

3-27 

ATF  106 

1  x  10-9 

2230 

3-28 

ATF  106 

1.5  x  10*9 

1300 

3-23 

ATF  106 

1  x  10-9 

1600 

3-31 

ATF  106 

2.7  x  10- 10 

1030 

3-27 

Elmer 

1  x  10-10 

0830 

3-27 

Elmer 

1  x  10-10 

1030 

3-27 

Elmer 

1  x  10'10 

1230 

3-27 

Elmer 

1  x  10-1° 

3-5  x  lO'0 

1430 

3-27 

Elmer 

1850 

3-27 

Elmer 

3.5  x  10-8 

1920 

3-27 
Shot  2 

Elmer 

3.2  x  1O-0 

IQUo  ■ 

3-27 

Elmer 

2.5  x  10-9 

2200 

3-28 

Elmer 

1.3  x  10"9 

0900 

3-28 

Elmer 

1.3  x  10"9 

0945 

3-28 

Elmer 

1.0  x  10-9 

1020 

3-28 

Elmer 

5.4  x  10-1° 

1400 

3-28 

Elmer 

5.4  x  lO-10 

1440 

3-28 

Elmer 

5.4  x  10'1° 

1515 

3-29 

Elmer 

7.7  x  10-1° 

0930 

3-29 

Elmer 

8.3  x  10-9 

1.1  x  10'° 

0700 

3-29 

Elmer 

0800 

3-29 

Elmer 

1.8  x  10-9 

0900 

3-29 

Elmer 

4.2  x  10-9 

3.1  x  10-9 

1000 

3-29 

Elmer 

1100 

3-29 

Elmer 

9.0  x  10-9 

1515 

3-30 

Elmer 

1.5  x  10-9 

1645 

3-31 

Elmer 

4.4  x  10-9 

1500 

3-31 

Elmer 

3-3  x  10-9 

1.0  X  10-8 

1530 

3-31 

Elmer 

1600 

3-31 

Elmer 

5.0  x  10-9 

6.0  X  10-10 

1630 

4-1 

0915 

4-1 

Elmer 

3.6  x  lO"10 

0945 

Shot  4 

2.0  x  10-J0 

4.4  x  10‘8 

4-26 

ATF  106 

1000 

4-26 

ATF  106 

1715 

4-26 

ATF  106 

3.1  x  10-7 

1800 

4-26 

ATF  106 

1.1  x  10"'  1 

1930 
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TABLE  10.23  AIR  SAWLIKJ  DATA,  FALLCCT  ACTIYITT  (C»TTmtn) 


mt. 

Location 

Counting  Raoul  te  Corrected 
to  Sealing  Time  (uc/oo 

Time 

4-26 

ATF  106 

8.3  x  10*7 

1945 

2000 

4-26 

ATF  106 

4.2  x  10*7 

4-26 

ATT'  106 

1.0  x  10*° 

2015 

4-26 

ATF  106 

2.1  x  10 

2050 

4-27 

ATF  106 

1.7  x  10*° 

0745 

4-27 

ATF  106 

1.6  x  10*a 

1318 

4-27 

Elmer 

2.3  x  10*9 

0845 

4-27 

Elmer 

2.1  x  10*9 

1030 

4-27 

Elmer 

8.9  x  10*10 

1425 

Shot  5 

1  x  10*10 

5-5 

ATF  106 

0730 

5-5 

ATF  106 

3.0  x  10*8 

1800 

5-6 

ATF  106 

3.8  x  10*10 

1100 

5-5 

Shot  6 

Rimer 

2.6  x  10*9 

2000 

5-14 

Elmer 

1.3  x  10*10 

C720 

5-14 

Elmer 

2.1  x  10"10 

0930 

5-14 

Elmer 

4.5  x  10*1° 

1030 

5-14 

Elmer 

1.3  x  10*8 

1900 

5-14 

Elmer 

1.7  x  10*8 

1925 

5-14 

Elmer 

1.0  x  10"8 

2045 

5-14 

Elmer 

_ _ 

It  is  reconmended  that  a  sliding  scale  be  adopted  for  allowable 
airborne  concentrations  for  field  operations.  It  is  recommended  that 
respiratory  protection  be  worn  only  when  the  concentrations  tabulated 
in  Table  10.28  are  exceeded  for  the  exposure  periods  included.  This 
table  indicates  higher  airborne  maximum  permissible  concentrations  at 
earlier  times  after  the  formation  of  the  fission  products.  These  are 


TABLE  10.24  RELATION  OF  PARTICLE  SIZE  AKD  JBT  STAGE 


Jet  Stage 

Air  Velocity 

Median  Particle 

(meter /eec ) 

Sise  (nlcrona) 

5 

Filter  a tage( unknown) 

0.53 

4 

77 

0.8 

3 

27.5 

1.65 

2 

10.2 

3.72 

1 

2.2 

8.9 

relative  to  the  standard  maximum  permissible  concentration  of 
1  x  10 "9  jic/cc  for  long-lived  (one  month  or  more  half-life)  fission 
products  as  the  ratio  of  their  effective  half-lives. 

Air-sampling  equipment  capable  of  taking  and  measuring  a  sample 
in  one  operation  in  the  field  should  be  developed  and  used.  Such 
equipment  would  enable  immediate  decisions  to  be  made  regarding  the  need 
for  respiratory  equipment. 

It  is  recommended  that  the  gathering  of  information  on  fallout 
particle  size  be  continued  in  future  field  operations  and  that  studies 
be  made  to  relate  body  retention  with  particle  sizes  of  airborne 
particulates. 

A  continuous  gamma  monitoring  station  equipped  with  8  suitable 
alarm  system  should  be  a  requisite  for  working  and  living  in  areas  in 
the  vicinity  of  possible  fallout  conditions  during  field  tests. 
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TAEL!  10.2$  SUMURY  OF  TEX  PARTICLE  SIZX  HFORMATIOV  OAIXXD 
FROM  CASCADE  IMP  ACTOR  AIR  8AMPLDM 


Date 

Time  after  Shot 
(hr) 

Location 

Median  Particle 

Site  (microns) 

Shot  2 

3-27-54 

12 

Elmer 

1.0 

3-28 

25 

Elmer 

1.7 

3-29 

60 

Elmer 

0.75 

3-30 

72 

Elmer 

5.0 

3-30 

32 

Elmer 

4.2 

Shot  3 

4-8 

29 

Elmer 

1.8 

Shot  4 

4-26 

13 

ATF  106 

1.4 

4-27 

34 

ATT  106 

2.7 

Shot  5 

5-5 

10 

Parry 

1-3 

5-6 

26 

Parry 

1.0 

Shot  6 

5-14 

16 

Parry 

0.53 

10.3.7  Instrumentation.  All  rad-safe  instrument  requirements  for 
Project  6.4  operations  were  supplied  and  maintained  by  the  rad-safe 
group.  Three  main  types  of  portable  monitoring  instruments  were  used  in 
the  program.  For  clothing  and  personnel  monitoring  a  "contamination 
meter/'  the  side  window,  GM  PDR/5  or  NRDL  MK-III,  Model  I,  was  used; 
for  radiation  measurements  of  gamma  fields,  a  "dose-rate  meter,"  the 
PDR/TLB;  for  beta-gamma  measurements,  a  second  type  of  dose-rate  meter, 
the  IM5/RD  or  "Cutie  Pie"  was  used. 

A  small  supply  of  AN/PDR-l8A's  were  available  for  measuring  high- 
radiation  fields  but  were  not  used,  due  to  the  medium-range  dose  rates 
encountered  in  the  operation. 

A  continuous -recording  air  monitor,  consisting  of  a  moving  filter 
tape  moving  past  a  beta  probe,  and  a  continuous -recording  gamma  monitor, 
consisting  of  a  shielded  halogen-filled  GM  tube  driving  a  counting  rate 
meter  and  recorder  were  provided  to  obtain  a  record  of  a  fallout 
contamination  gn  Parry. 

A  6-C  Co50  source,  the  Navy  UDM-1,  was  set  up  complete  with  track 
to  obtain  daily  calibration  checks  on  all  gamma  monitoring  instruments. 


Ttmi  10.26  AIRPORTS  ACTIVITIES  EXPECTS)  FROM  DIFFEKBR  RATES  OF 
GAJWA  BUILDUP  BASED  0*  OBSERVED  DATA,  SITE  ELMER 


T~ 


Rate  of  Omsk  Buildup 
(■r/hr/hr) 


0.' 

o.c-; 


Airborne  Activity 
(uc/cc ) 


1  x  10 1 

i.x  ur" 

a 

i  x  10': 

1  x  IC'S 
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TABLE  10.27  ABOVE-DECK  GAItM -BACKGROUND  LEVELS  AND 
AIRBORNE  CCNCWTRATIONS  FROM  THE  BELLE  GROVE 


Tine 

Radiation  Level 
(nr/hr) 

Air  borne  Concentration 
(fic/cc) 

(  00 

0.5 

5  x  10'8 

1300 

8.0 

5  x  10-7 

1400 

25.O 

1  x  10'6 

1900 

180.0 

Two  types  of  air  samples  are  utilized,  each  for  a  different  pur¬ 
pose.  Concentration  samplers  utilizing  filter  paper  to  collect  the 
particles  from  the  air  stream  were  used  to  obtain  the  total  concentra¬ 
tion  of  particulate  matter  in  the  air.  Both  110-v  AC  and  24-v  dc 
san^lers  were  used.  All  samplers  were  calibrated  with  the  filter  paper 
in  place.  The  nominal  flow  rates  of  the  110-v  AC  samplers  were  20  cu 
m/hr  and  that  of  the  24-v  dc  samplers  were  7  cu  m/hr.  Each  air  sampler 
was  equipped  with  an  ionization  chamber,  which  gave  a  continuous  indica¬ 
tion  of  the  activity  of  the  sample  as  it  was  being  collected.  The 
ionization  chamber  was  capable  of  detecting  0.1  pc  amounts  of  activity 
deposited  on  the  paper  in  a  background  not  exceeding  300  mr/hr.  With 
this  device,  air  concentrations  of  the  order  of  10"°  pc/cc  can  be 
measured  in  a  30-min  sampling  period. 

The  other  type  of  air  sandier  employed  was  the  particle-size 
analyzer,  which  was  used  to  determine  the  sizes  of  the  airborne  parti¬ 
culates.  The  Cassela-type  cascade  in?) actor,  driven  by  a  standard  air 
pump,  was  used  for  this  purpose.  As  described  in  the  air-sampling 
portion  of  this  report,  an  approximation  was  made  of  the  specific 
activity  of  the  various  sized  fractions  of  particles  in  the  air  stream 
from  0.5  through  8.9  microns.  The  various-sized  particles  were  separated 
by  virtue  of  fractionation  from  various-sized  jets  impinging  on  glass 
slides.  The  actual  determination  is  made  by  counting  the  beta  activity 
of  aerosol  particles  on  the  slides. 

For  laboratory  analysis  of  air  and  wipe  samples,  a  gas -flow 
proportional  counter  was  used.  Although  background -gamma  radiation  from 
local  fallout  contamination  often  ran  10,000  c/m,  satisfactory  measure¬ 
ments  could  be  made  in  most  cases  of  the  field  samples.  The  laboratory 
counters  were  given  daily  calibration  checks  with  a  Sr9^- impregnated 
filter  and  a  Tl^O^ - impregnated  filter  of  the  same  physical  dimension  as 
the  unknown  samples.  These  standards  we-e  prepared  prior  to  the  operation 

TABLE  10.28  RECO>*(ENDED  ALLOWABLE  AIRBORNE  CONCENTRATIONS 


Days  after 

Concentration 

j  Total  Period 

Detonation 

uc/cc  of  Air 

;  Period  of  Exposure 

0.1 

2.7  *  10*5 

1  day 

1 

1.7  x  10-7 

1  day 

2 

1.2  x  10*7 

1  day 

4 

9-9  x  KT8 

1  day 

7 

7.9  x  10"® 

1  day 

14  to  28 

1.0  x  10"8 

2  veeks 

317 


CONFIDENTIAL 


by  measured  quantities  of  standardized  solutions  of  these  radioisotopes 
to  standard-sized  filter  papers  and  fixing  in  place  with  a  plastic  spray. 

The  Instrumentation  used  on  the  field  operation  proved  adequate 
for  the  purpose  intended,  but  certain  features  could  be  improved. 

The  side -window  (as  opposed  to  the  end -window  GM)  was  found  to  be 
the  only  instrument  suitable  for  clothing  and  personnel  monitoring. 

The  calibration  of  these  instruments  were  in  milliroentgens  per  hour 
which  proved  to  be  quite  meaningless  as  far  as  personnel  contamination 
was  concerned.  Relative  scale  readings  were  used  to  define  allowable 
contamination  levels. 

The  AN/PDR-T1B  instrument  proved  to  be  quite  satisfactory  for  the 
gamma-dose -rate  measurements  made  during  the  operation.  Comparison  of 
this  instrument  with  the  AN/PDR-18A  showed  agreement  within  the  limits 
of  reading  accuracy  in  a  radiation  field.  The  AN/PDR-l8A  was  also  quite 
satisfactory  for  general  gamma  monitoring,  although  the  lower  limit  of 
sensitivity  was  of  the  order  of  50  mr/hr. 

The  IM5/FD,  or  Cutie  Pie,  which  was  used  for  beta  measurement,  was 
found  to  be  somewhat  unreliable  under  the  humid  conditions  encountered 
in  the  field.  The  malfunction  rate  was  found  to  be  excessive. 

Of  the  side -window  GM  instruments,  the  MK  III,  Model  I  proved  to 
be  more  convenient  in  operation,  more  compact,  and  had  a  better  probe 
arrangement  than  the  AN/PDR-5*  The  two  instruments  were  about  equal 
in  reliability,  both  requiring  an  excessive  amount  of  maintenance  due 
to  the  humid  climate. 

The  air  samplers  performed  satisfactorily  under  the  conditions 
encountered.  The  ionization  chamber  feature  proved  to  be  useful  in 
obtaining  on-the-spot  data  concerning  airborne  contaminations. 


10.4  CONCLUSIONS  AND  RECOMMENDATIONS 

It  was  determined  that  it  should  be  feasible  to  estimate  the 
average  radiation  level  aboard  a  contaminated  ship  on  the  basis  of  dose- 
rate  measurements  taken  from  another  nearby  vessel,  such  as  a  recovery 
ATF  or  some  similar  ship  capable  of  making  some  type  of  monitoring  pass. 
The  procedure  outlined  in  Appendix  H  gave  a  reasonable  order -of -magnitude 
determination  in  three  separate  trials  during  Operation  Castle.  However, 
it  will  always  be  necessary  for  any  boarding  party  to  conduct  monitoring 
surveys,  particularly  to  locate  any  "hot  spots." 

It  is  recommended  that,  in  future  field  operations,  emphasis  be 
given  to  indoctrination  of  personnel  in  the  use  and  wearing  of  protective 
clothing,  the  procedures  to  be  followed  in  movement  between  contaminated 
and  noncontaminated  zones,  and  the  wearing  and  care  of  the  film  badge. 
Protective -clothing  requirements  should  be  kept  to  the  minimum  consistent 
with  adequate  protection.  Emphasis  should  be  given  to  advance  planning 
for  each  day's  operation.  The  rad-safe  organization  requires  such 
notification  so  that  the  necessary  protective  equipment,  dosimeters  and 
dose -rate  instrumentation  can  be  made  available.  Major  changes  to 
operational  plans  should  be  discussed  with  a  rad-safe  representative  and 
a  plan  of  action  agreed  upon.  It  is  important  that  project  leaders 
establish  the  necessity  for  those  personnel  under  their  supervision  to 
follow  rad-safe  rules  and  procedures. 
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Pbotodosimetry-interpretation  procedures  should  produce  prompt 
results  with  a  minimum  expenditure  of  manpower.  In  addition  to  gamma 
dosages,  it  is  recommended  that  beta  dosages  also  be  measured  vlth 
special  attention  given  to  exposure  to  body  extremeties  under  special 
situations.  For  future  field  operations,  it  is  recommended  that  a  film 
packet  be  utilized  with  the  following  features:  (l)  two  film  packets 
with  high-  and  low-range  films;  (2)  prenumbered  packets  presealed  in 
waterproof  coverings;  (3)  a  single  clip-on  gamrsa  shield  and  a  single 
clip-on  beta  shield  made  of  a  plastic  material;  and  (k)  a  metal  eyelet 
so  that  the  badge  can  be  worn  on  a  chain  hung  around  the  neck. 

It  is  recommended  that  consideration  be  given  to  increasing  the 
time  scale  used  for  establishing  allowable  dosages  for  field  operation. 

By  establishing  a  central  record  system  that  would  maintain  continuity 
of  radiation  exposure  received  by  personnel  during  all  field  operations, 
it  is  felt  that  the  exposure  unit  of  15  r  per  year  could  be  used.  The 
allowable  dosage  for  any  individual  would  be  determined  by  the  amount  of 
radiation  exposure  received  during  the  past  calendar  year  and  the  amount 
of  exposure  expected  during  the  current  calendar  year.  The  difference 
between  the  total  of  these  two  values  and  30  r  would  be  the  maximum 
amount  of  dosage  available  for  use  at  the  present  field  operation. 

In  spite  of  minor  operational  difficulties,  the  overall  mission 
of  the  Personnel  Decontamination  Center  was  accomplished.  All  personnel 
engaging  in  operational  work  were  provided  adequate  protective  equipment, 
and  the  monitoring  and  decontamination  of  returning  personnel  proved 
satisfactory  in  preventing  injury  to  personnel  and  controlling  the  spread 
of  contamination.  It  is  recommended  that  in  future  operations  more 
consideration  be  given  to  the  number  of  personnel  required  for  the  effec¬ 
tive  operation  of  a  change  house.  The  protective  equipment  requirements 
for  an  operation  should  be  estimated  with  generous  allowances  for  contin¬ 
gencies.  A  careful  clothing -control  system  is  indicated  for  personnel 
returning  from  work  in  contaminated  areas  to  minimize  losses.  A  chit 
system  for  controlling  the  return  of  clothing  is  too  cumbersome  to  be 
effective,  but  a  rigid  flow  system  for  personnel  may  be  successful. 

It  is  recoaaaended  that  a  sliding-scale  Table  10.28  be  adopted  for 
allowable  airborne  concentrations  for  personnel  exposure  during  field 
operations . 

Air -sampling  equipment  capable  of  taking  and  measuring  a  sample 
in  one  operation  in  the  field  should  be  developed  and  used.  Such  equip¬ 
ment  would  enable  immediate  decisions  to  be  made  regarding  the  need  for 
respiratory  equipment.  It  is  recommended  that  the  gathering  of  informa¬ 
tion  of  fallout  particle  size  be  continued  and  that  studies  be  made  to 
relate  body  retention  with  particle  sizes  of  airborne  particulates. 

A  continuous  gaama  monitoring  station  equipped  with  a  suitable 
alarm  system  should  be  a  requisite  for  working  and  living  areas  in  the 
vicinity  of  possible  fallout  conditions  during  field  tests. 

The  following  instrumentation  is  recommended  as  that  which  would 
provide  the  most  satisfactory  service  for  future  field  operations: 

(l)  high  range  gamma  dose  rate  -  AN/PDR-T1B,  AI/PDR-18A;  (2)  median 
range  gamma  dose  rate  -  AN/PDR-TIB;  (3)  median  range  beta-gaomm  dose 
rate  -  field  Cutie  Pie  type  with  calibrated  beta  dose  rate  meter  indica¬ 
tion;  {k)  contamination  meter  -  log -indicating -me ter  portable  GM  with 
0-100,000  c/m  in  3  cycles;  and  (5)  air  sampling  equipment  -  (a)  110-v  AC 
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motor  blower  unit  equipped  with  an  ionization  and  bucking  chamber; 

(b)  continuous  indexing  with  4  cycle  log  meter  indication  in  c/o  starting 
at  100  c/m.  Median  flow  rate  (10-20  cfm). 

On  the  basis  of  past  experience  and  observation  of  radiological 
safety  in  field  operations,  it  is  recommended  that  consideration  be 
given  to  establishing  the  radiological  safety  function  for  field  opera¬ 
tions  on  a  continuing  basis.  This  would  provide  a  collection  center  for 
appropriate  records  (such  as  radiation  exposure  of  personnel),  enable 
protective  equipment  and  instruments  to  be  stock  piled,  and  provide 
continuity  to  the  rad-safe  program  such  that  the  benefits  from  past 
experience  and  the  lessons  learned  from  previous  mistakes  would  result 
in  a  constant  improvement  in  field  radiological  safety.  Such  a  unit 
could  provide  the  basis  for  realistic  indoctrination  and  training  of 
civilian  military  personnel  in  the  field  of  radiological  defense. 

It  would  serve  as  the  basis  for  testing  and  improving  various  rad-safe 
procedures,  such  as  contaminated -are a  monitoring  and  delineation,  film- 
badge  issue  and  processing,  personnel-decontamination-center  operation 
and  procedures,  evaluation  of  dose -rate  instrumentation,  contamination 
meters,  air  samplers,  and  other  special  rad-safe  equipment.  The  merit 
of  such  a  system  seems  many-fold  and  should  make  a  real  contribution  to 
national  security  through  the  training  end  indoctrination  of  civilian 
and  military  personnel  in  the  fundamental  principles  of  radiological 
safety. 
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Appendix  A 

SUPPLEMENTARY  MATERIAL  ON 
WASHDOWN  COUNTERMEASURES 

A.l  RATIO  OF  CONTAMINATION  EFFECTS  FOR  THE  TWO  SHIPS,  ASSUMING  NO 
WASHDOWN  OCCURRED. 

In  determining  the  ratio  of  contamination  effects  for  the  two  ships, 
assuming  that  no  washdown  had  occurred,  use  was  made  of  the  following 
definitions: 

X  =  gamma  dose  rate  at  the  shielded  masthead  station. 

Y  ;  gamma  dose  rate  at  the  unshielded  deck  station  near  the  kingpost 

A  s  gamma  dose  rate  contributed  by  contaminants  in  the  air  at  any 
unshielded  exterior  station. 

D  s  gamma  dose  rate  contributed  by  contaminants  on  the  dome  of  an 
unshielded  station  on  the  kingpost. 

M  =  gamma  dose  rate  contributed  by  contaminants  on  the  masthead  to 
an  unshielded  station  on  the  kingpost. 

k  =  attenuation  factor  due  to  lead  shielding. 

h  =  ratio  of  the  gamma  dose  rate  at  mastheaa  height  to  that  one  meter 
above  the  deck  resulting  from  deck  surace  contaminants . 

f  -  unshielded  fraction  of  D  contributing  to  X. 

g  :  unshielded  fraction  of  M  contributing  to  X. 

Q  =  ratio  of  contamination  effects  of  YAG  39/YAG  40  that  would  have 
been  observed  if  YAG  39  had  had  no  washdown. 

Q  is  a  measure  of  the  deviation  from  the  assumption  that  the  two 
ships  would  have  shown  the  same  contamination  effects  if  the  protected 
ship  had  had  no  washdown.  The  actual  measurements  of  gamma  fields 
observed  on  the  two  ships  must  be  adjusted  for  this  difference  in  contami 
nation  effects  to  produce  realistic  values  of  washdown  effectiveness. 

The  shielded  masthead  station  reading  results  from  the  following 
contributions : 

1.  Contaminants  on  the  meashead  station  dome,  s^.me  of  which  are 
shielded  from  the  masthead  station  detectors; 

2.  Contaminants  on  the  masthead  surfaces,  all  of  which  are  shielded 
from  the  masthead  station  detectors; 

3.  Contaminants  on  the  deck  station  dome  and  on  the  deck  surfaces, 
all  of  which  are  shielded  from  the  masthead  station  detectors; 

4.  Contaminants  in  the  air  surrounding  the  masthead  station,  some 
of  which  are  shielded  from  the  masthead  station  detectors. 

Symbolically  this  ruay  be  written  as: 

X  :  |  M  (l-f)kiD  ;  kM  1  kh(Y  -  A)  ;  Ik  1  (1-g)  k’A  (A.l) 
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For  Shot  5,  it  seems  reasonable  to  assume  that  the  contributions  of 
the  contaminated  air,  masthead  station  dome,  and  masthead  surfaces  to  the 
masthead  station  readings  on  the  two  ships  were  proportional  to  the 
general  contamination  which  would  have  resulted  if  neither  ship  had  been 
washed  that  is: 

Da  =  =  Aa  -  Q  (A. 2) 

Db  Mb  Ab 

where  the  subscripts  a  and  b  refer  to  YAG  39  and  YAG  40,  respectively. 

Since  the  deck  surfaces  were  affected  by  the  washdown  it  follows  that: 

Ya  i  QYb,  therefore 

Xa  -  khYa  =  [f  I  (l-f)k]Da  +  kMa  *[  g  f  (l-g)k  -  kh]Aa  (A 

Xb  -  khYb  [  f  r  (1-DkjDh  r  kMb  f[  g  f  (l-g)k  -  kh]Ab 

Substituting  the  relationships  of  A. 2  into  A. 3  results  in 

=  Q  (A.4) 

Xb  -  khYb 

This  ratio  was  evaluated  both  for  cumulative -dose  and  dose -rate  compari¬ 

sons.  For  the  dose  comparison  the  dose  values  up  to  a  given  time  were 
substituted  for  the  dose -rate  values  indicated  in  the  equation. 

The  values  of  k  were  calculated  from  the  data  of  the  absorption 
studies. 

Approximate  values  of  h  were  obtained  from  Figures  D.2c  and  D.2d  in 
Appendix  D  of  the  Effects  of  Atomic  Weapons  handbook.  A  gamma  energy  of 
1  Mev  was  assumed  for  this  estimation  because  the  effect  of  choice  of 
gamma  energy  appeared  to  influence  the  estimate  of  h  only  to  a  minor 
degree  in  the  energy  region  of  interest. 

Example .  Shot  5  at  4  hr  after  burst. 

For  a  finite  contaminated  slab  having  an  equivalent  radius  of  13  meters 
and  a  masthead  approximately  10  meters  above  the  deck,  the  value  of  h  was 
estimated  to  be  0.2.  The  value  of  k  was  approximately  0.15,  Xa  =  21  r/hr, 

Xb  =  13*2  r/hr,  Ya  r  8.3  r/hr,  and  Yb  =  65  r/hr. 

•  _ 

•  ♦  Q  *  ?A....T..?-:?3..,x...8iv3  _  i,Q4  for  dose -rate  comparison  at  4  hr 

13.2  -  0.03  x  65 

For  the  dose  comparison,  accumulated  dose  up  to  4  hr  were  substituted 
into  the  equation. 

For  Shot  4,  the  techniques  used  for  Shot  5  in  evaluating  Q  cannot 
be  applied,  because  the  masthead  stations  on  YAG  39  were  inadvertently 
washed,  whereas  those  on  YAG  40  were  not.  In  this  case  Da/Dh  /  Q  and  to 
obtain  a  variable  which  is  not  affected  by  differences  due  to  washing 
action,  it  is  necessary  to  use: 
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Xa  -  khYa  -  [f  f  (l-f )k] Da  _ 
Xb  -  khYa  -  [  f  I  (l-fjk]!^ 


(A. 5) 


However,  the  values  of  f  and  D  cannot  be  evaluated  from  existing  data, 
and  relatively  small  errors  in  estimating  these  values  have  a  large  effect 
on  the  value  of  Q.  Several  rough  estimates  of  f  and  D  gave  values  of  Q 
both  larger  arid  smaller  than  unity,  which  probably  indicates  that  the 
safest  assumption  to  make  is  that  equal  contamination  effects  occurred 
on  the  two  ships. 

Qualitative  study  of  the  masthead  station  data  shows:  (l)  similar 
times  of  fluctuation  of  dos*  rates,  which  indicates  similar  periods  of 
fallout  on  the  two  ships;  (2)  similar  rates  of  buildup  of  dose  rates  when 
corrected  for  decay  and  plotted  on  linear  scales,  which  would  tend  to 
indicate  similar  rates  of  buildup  of  contamination  levels,  at  least  during 
the  early  periods;  and  (3)  the  reduction  of  the  dose  rate  by  rain  on  the 
unwashed  kingpost  station  dome  at  5*5  hr(see  Figure  2-9)  which  would  be 
expected  to  be  less  than  that  by  a  continuous  dome  washdown  leads  one  to 
conclude  that  reasonably  good  agreement  between  the  shielded  station  data 
from  the  two  ships  would  have  resulted  had  both  domes  been  continuously 
washed.  All  these  qualitative  considerations  indicate  that  the  assump¬ 
tion  of  equal  contamination  effects  on  the  two  ships  should  give  fair 
estimates  of  washdown  effectiveness. 


A. 2  FLOW  RATE  AND  WIND  SPEED  GRAPHS 


Figure  A.l  Washdown  supply  flow  rate  aboard  the  I'AG  39 
versus  time  after  Shots  b  and 
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A. 3  TABULATED  DATA 

TABLE  A.l  CUMtHATiVE  GaRiMA  DOSE  (r)  FOR  DETECTOR  STATIONS  IN  EXTERIOR  AREAS 

AT  VARIOUS  TIMES  AFTER  SHOT  4 

TAG  39 

Station 

Time 

(tir) 


Flight  Deck 

4)  !  ?'  !  3 


Boat  Deck 


Top  of 


I  Ay.  :  48b 


616  '  62p 


2.5 

2.3 

:  2. 3L 

3-05 

2. 86 

2.5  :  1.7 

1.95! 

2.05 

I.l4  i 

1.18  : 

3.0 

1  2.7 

2.07 

3.69 

3.09 

3-Lp  2.2 

2.4s; 

< 

f- 

.  2.7 

1.41 

1.3‘ 

3-5 

3-0 

3-3 

4.cr; 

3 .4c> 

4.1  2.65 

2.82: 

a 

j.xy , 

1.0 

i.4y 

4.0 

3-25 

1  3-6 

4. 45 

3*7  r 

4 .  (1  2 .  0 

3.12' 

3.3)  ; 

1  -7 

-L  .  ( 

1.59 

‘*•5 

3.23 

3.0  1 

4 .7 

3.9** 

4.y  2.8s 

3.3s . 

z: 

3-i’O 

i.i) 

:.60  : 

5.0 

3.6 

4.0  : 

l-o 

4,;.' 

5-;.  2.7M 

3-5  . 

•..36 

i.  ,rV)  - 

i.'’6  j 

TAG  UQ 

l.b 

3.0 

5.1 

5-0 

4. 3 

i  .  1  b .  J  •  I ;  ■  I  • 

2 .  zy  ■ 

1.85 

.'•53 

'3 

U  a  C 

2.6 

>.<- 

33-t 

26.3 

23.2 

7.0  8.8  >:./ 

4.6 

6 .  2 

0.1 

:  (.25 

6.0b 

0  i. 

.  57.0 

:>o.c 

4i  O 

.14.3  Iv-.C 

i  ,4 

18- 7 

j-! 

i.:.0 

: Iu.05 

3.0 

2  J.  •  *» 

70.0 

70.0 

80.1’ 

22.4*  1-M  22.;, 

24 . 2 

22 .  1 

12.  c. 

ls.o 

1-,  .2 

3  -  :■ 

7^.0 

9--.0 

00. 0 

Oy,  0 

*-8 .  <-•  ,  /  t  ■? .  0 

30. 0 

7  f . 3  . 

ISO 

19- 

17.0 

4 .< • 

3  j.‘? 

104.0 

9-.  -  9 

Y •  8 

J  4.0  2  S «  * 

r  .0 

31  -V 

iO,(. 

21. . 

19.2 

*8 

39- C 

.13-0 

100.0 

80.3 

jC.h  :6*8  jO.O 

3 ‘4-0 

3%  8 

13.0 

23.9 

22.0 

.0 

41.8 

12C.G 

122.0 

_>4 .  ■■ 

**2.u  JO.  3  _jy.O 

42.0 

36. 4 

19.0 

25.5 

27.25 

.  Mid  c 

i  nc lent. 

th«t  '.hr 

3  t  fit  i« 

r.  Is  3lfirbofirdf  port 

»  ,rr  • 

ship’ 

3  ernt 

rr]  ln« . 

n  •  it-DB  4*  ar.d  4'  nre  rwrtinlly  shielded. 
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TABLE  A. 2  CUMULATIVE  GAMMA  DOSE  (r)  FOR  DETECTOR  STATIONS  OS  MAIN  DECK  AT  VARIOUS  TIKES  AFTER  3K5T 


TABLE  A.  4  CUMULATIVE  GA*KA  DOSE  (r)  TOK  DETECTOR  STATIONS  OR  BOAT  DECK 
AT  VARIOUS  TIMES  AFTER  SHOT  5 


ms  39 


Boat  Deck 


SUtic 

Tine 

(hrl 

»  48*(») 

49p(a) 

6l  a 

62p 

Obe. 

Maan 

Corr. 

HeanOO 

2.0 

2.5 

2.6 

3.15 

2.72 

1.32 

2.5 

4.2 

3.8 

5.3 

4.42 

2.24 

3-0 

5.8 

5.0 

7.8 

6.20 

3.26 

3.5 

7.5 

6.3 

10.5 

e.io 

4. 42 

4.0 

9.3 

8.0 

13.0 

10.1 

5.74 

*A.5 

11.1 

9.5 

15.5 

12.0 

7.05 

5.0 

12.7 

11.2 

18.0 

14.0 

8.54 

6.0 

15.1 

14.3 

24.3 

5 

17-9 

11.0 

7.0 

17.1 

16.5 

28.3 

a 

20.6 

14.4 

e.o 

18.7 

18.3 

31.3 

0 

22.8 

16.8 

9.0 

19.8 

19.8 

34.0 

* 

24.5 

18.9k 

10.0 

20.7 

21.0 

36.0 

25.0 

20.4 

11.0 

21.3 

22.0 

37.5 

26.9 

21.4 

12.0 

21.8 

28 -Q 

.jgei 

28.0 

21.9 

IAS  to 


2.0 

7.0 

7.7 

10.0 

9.5 

8-55 

2.5 

14.5 

14.5 

21.0 

19.0 

17.3 

3.0 

21.5 

21.2 

33.0 

28.0 

25.9 

3.5 

31.0 

29.0 

47.0 

39-0 

36.5 

4.0 

40.C 

37.0 

61.0 

50.0 

4/.0 

4.5 

51.0 

46.5 

76.0 

62.0 

58.9 

5.0 

63.0 

56.5 

91.0 

75-0 

71.4 

6.0 

85.0 

78.0  121.0 

103.0 

96.8 

7.0 

105.0 

100.0 

150.0 

130.0 

121.0 

8.0 

122.0 

.U.6.0  173-0 

153-0 

141.0 

9.0 

137.0 

132.0  195.0 

173-0 

159-0 

0.0 

150.0 

145.0  ,213-0 

192.0 

175.0 

1.0 

. 

163.0 

160.0 

230.0 

210.0 

191.0 

*«  P,  and  c  Indicate  that  the  station  la  starboard  port  or  on  ship's 
centerline. 


(b) 


Corr.  Mean  la  adjusted  for  difference  in  'snout. 


TABLE  A.  5  CUMULATIVE  CAJHA  DOSE  (r)  FOR  DETECTOR  STATIONS  ON  MAIN  DECK 
FORWARD  AT  VARIOUS  TIMES  AFTER  SHOT  5 


_ mo  39 _  _  __  _ 

M»lr.  De< 

k  r  orvurd 

Station  lli'&)  1 

Ja  l4p 

16c 

2o« 

3Qp 

31« 

32p 

Obi. 

Corr,  , 

Tl«r  | 

Heac 

(be) 

2.0  2.0  1.7 

1 

2.8 

1.9 

3.0 

3.0 

1 

i  - 

1.0 

2.29 

i.n 

2.5  ,  3.4  3.2 

5.0 

5.1 

3.6 

!  5.2 

' 

3.4 

4.12 

2.08 

3.0  ;  4. a,  5.4 

r.a 

8.0 

5.9 

i  - 

5.8 

6.50 

3.42 

3.5  0.5  8.0 

11.2 

11.7 

9-0 

a.? 

’  - 

3.6 

9.49 

5.18 

4.0  b.5.  11.2 

15.0 

15.7 

12.3 

15.7 

- 

12.2 

id. 9 

7.29 

4.5  ,11.2;  15.2 

19.5 

20.0 

16.0 

20.0 

16.0 

16.8 

9.89 

5.0  I13.5,  Id. 7 

23.0 

25.O 

20.0 

•  24.0 

20.0 

20.6 

12.6 

6.0  |17.5  24.5 

29.7 

32.5 

2,  .0 

31.0 

27.0 

27.0 

11.8 

7.0  [20.5.  29.3 

35.0 

38.0 

32.0 

35.5 

- 

32.0 

31. 8 

22.3 

d.O  22.3  3J.0 

39.0 

>3-0 

30.0 

,  *0.0 

i  - 

32.0 

3>o 

Ct.  1 

9.0  124.0'  36.0 

42.5 

47.0 

39.0 

-3-0 

37.5 

<8.4 

29.5 

10. 0  125.5  37-5 

44. S 

>0.0 

41.5 

:  46.0 

* 

39.5 

40. e 

32.0 

U.O  jC6.7.  39*0 

46.5 

53-0 

43-5 

j  48.0 

i  - 

41.0 

42.5 

33-7 

12.0  [2f.5;  40.0 

i  4<j.O 

0 

;  >0.0 

i  - 

42.0 

43.9 

34.  J 

IAO  40 

2.c;  8.5  6.b 

1  10.7 

16.0 

10.0 

10.0 

TeTi 

9.0 

10.2 

2.-  li'.O  17.0 

27.0 

35.0 

21.0 

2h  .0 

20.0 

23.0 

23*3 

3*0  27.0  33 .0 

-8.C 

>8.0 

37-0 

4p.O 

36-0 

41,  C 

40.0 

j.r'  jb. 0  >0.0 

■'3.0 

82.0 

eo.o 

;o.o 

!  >  i  .0 

61.0 

ta.  6 

•*.f'  ‘>0.0  ,’2. 0 

100.0 

U>.0 

J8.0 

LOO.O 

10.0 

90.0 

87.1 

;  6>.C  97 .0 

135.0 

lk‘0.0 

n.*.o 

130.0 

1C .  0 

120.0 

115.0 

:  .0  60.0  12  >.0 

167  .0 

1  r..u 

1**>.0 

163-0 

13>.0 

i'-.i.e 

145.0 

6.0  ilj.O  1 .0.0 

22>.Q 

290.0 

21c. 0 

228 . 0 

'  205.0 

22;  .0 

2  U.O 

7.U  i>C.U  .r‘:J.O 

27  (’  .0 

jbO.O 

265.0 

a-v«J.J 

2fj0.0 

e'i>.!) 

27 2.Q 

y.c  180.0  300. C 

315.0 

4».0 

3**f».o 

33  j.c 

305.0 

350.C 

323.  c 

*.o  203.0  V-o.o 

3  >0.0 

5  20.0 

3  ?5.0 

330.6 

345.0 

*\O.C 

-.6 d.o 

LO.O  22'  -0  17*  .0 

.  380.0 

>.‘0.0 

•**♦0.0 

i20.C 

■3=5.0 

•*40.0 

•*0i  .0 

11.0  =24>.0  .*<*0.0 

4l«..0 

620.0 

0 

*v-.o 

-30.0 

459.0 

(,i  >.  r,  a .r.  c 

1  rv.1 1  r  a  t  *  f  ha  * 

i  r 

■«rbr .  nert  ,  r  r 

»Mr'i 

cent»rl  In*. 


ii  •djuitt'i  frr  -1  i f rmr*r.c*  in 
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TABLE  A. 8  QAmA  D08E  RATE  (r/hr)  FOR  DETECTOR  STATIONS  ON  MAIN  DECK  AT  VARIOUS  TIMES  AFTER  SHOT  k 


TABLE  A. 10  GAM4A  D06*  RAT*  (r/hr)  FOR  DSTKTOR  SIT.JIOgS  OB  BOAT  DECK 
AT  VARIOUS  TD*8  AFTER  SHOT  5 


»Q3i. 


Station  48*(*)  H9p 

£9 

6ls 

Obs. 

Ti»s 

Mean 

Mean  lbJ 

(hr) 

*.0 

3.9 

3.0 

' 

A. 8 

' 

3.90 

1.39 

2.5 

3-2 

2.53 

A. 5 

3.A1 

1.36 

3.0 

3-0 

2.57 

A. 6 

3.39 

1.A6 

3-5 

3-1 

2.75 

5-1 

3.65 

1.74 

4.0 

7.5 

3-13 

6  3 

A. 21 

2.29 

■*•5 

3-1 

3-35 

u.  2 

A.A2 

2.71 

5.0 

3-3 

3.3 

•*  .05 

2.74 

6.0 

2.2 

2.73 

A.  j 

3.03 

2  >7 

7-0 

1.5 

2.05 

3-25 

2.27 

..94 

8.0 

1.17 

1.6 

2.65 

a 

1.81 

1.54 

9-0 

1.0 

1.39 

2.25 

* 

1.55 

1.27 

10.0 

0.77 

1.2 

...97 

1.35 

1.06 

n.o 

0.75 

0.97 

1.T7 

1.16 

0.82 

12.0 

0.66 

0.88 

1.6 

_ t-Q5— 

_2l2i _ 

IAO  40 


2.0 

iA.e 

13.8 

— 

20.0 

— 

16-5 

— 

16.8 

2.5 

15.e 

14.5 

24.0 

19.6 

18.5 

3.0 

16.2 

14.5 

24.3 

21.0 

19.0 

3-5 

17.5 

15.5 

26.5 

22. S 

20.5 

4.0 

20.0 

16.2 

26.8 

25.0 

22.5 

4.5 

22.0 

18.5 

30.7 

27.5 

24.7 

5-0 

22.5 

20.7 

33-0 

29.3 

26.4 

6.0 

21.0 

21.5 

■U.O 

28.7 

25.6 

7.0 

18.8 

19.8 

27.0 

26.0 

22.9 

8.0 

16.2 

17.0 

23.0 

21.0 

19.3 

9.0 

14.2 

14.7 

20.3 

18.8 

17.0 

10.0 

12.7 

13.3 

16.3 

17.2 

15.4 

U.O 

11.7 

12.0 

17.0 

15.7 

14.1 

12.0 

10.6 

10.8 

15.7 

14.5 

13.0 

^  *,  p.  and  c  lndlcat.  that  th.  itnUon  U  st.rbo.rd,  port,  or  on  ahip'c 
oenterllna. 

^  Corr.  Mean  l*  adjusted  for  difference  in  fallout. 


TABLE  A.  11  GA>MA  DOSE  RATE  (r/hr)  FOR  DETECTOR  STATIOKS  OR  MAH  DECK 
FORWARD  AT  VARIOUS  TIMES  AFTER  SHOT  5 


TAG  39  _ _ 


Station  Ue(*)  13s 
Tine 

(Ad- 


14p  16c  25a  3  Op  31  a  }2p  Obt. 


Mate  Mean' 


2fo 


3.07 

3.3 

4.65 

4.6 

— 

3-5 

4.2 

— 

r,T 

3-87 

1.38 

2.6 

3.65 

4.7 

5.25 

3.6 

4.9 

- 

4.1 

4.18 

1.64 

3.35 

4.55 

5.7 

6.1 

5.0 

6.0 

- 

5.0 

5.10 

2.19 

3-85 

5.8 

6.8 

7.2 

6.5 

7.6 

- 

6.1 

6.28 

2.99 

4.5 

7.1 

8.0 

6.7 

7.8 

9.0 

- 

7.2 

7.48 

4.07 

5-05 

7.6 

19. 1 

10.5 

3.5 

10.2 

- 

8.2 

8.45 

5.17 

4.55 

6.9 

8.0 

9.0 

7.7 

7.5 

- 

7 .5 

7.30 

4.93 

3-45 

5.6 

5.8 

7.1 

6.1 

5.8 

5.6 

5.65 

4.52 

2.5 

4.55 

4.3? 

5.5 

4.2 

4.1 

4.0 

4.17 

3-57 

1.97 

3.4 

3.33 

4.4 

3-3 

3.45 

- 

3.0 

3-27 

2.77 

1.63 

2.6 

2. 87 

3-85 

2.7 

3.0 

2.6 

H2.4 

2.66 

2.18 

l.»3 

2.07 

2.»5 

3-1 

2.35 

2.75 

2.1 

2.0$ 

2.29 

1.79 

1.22 

1.78 

^  .3 

2.6 

2.1  2.6 

1.78 

1.73 

2.oi 

1.43 

i-QTi 

A-jg, 

'±-H 

1.6 

1.6 

Lilli 

1.21 

2.0 

2.5 

**  D 


-J.U 
U.O 
12.0 


TAG  40 


2.0 

14.4 

15. >■ 

26.0 

— 

3!  .5 

16.3 

26.0 

18.0 

— 

22.0 

— 

21.$ 

2.5 

18.0 

25.3 

38.0 

43.3 

[30.0 

36.0 

28.0 

38.  c 

32.4 

3.0 

20.5 

33.3 

49.5 

$2.0 

40.0 

145.0 

40.0 

42.0 

40.6 

3.!) 

28.0 

44.0 

$$. 0 

60.0 

49.0 

59.0 

$6.0 

51.0 

50.3 

4.0 

26.0 

41.5 

6r.o 

62.0 

51.0 

66.0 

61.0 

59.  c 

54-3 

4.5 

29.0 

$0.0 

66.0 

75-0 

62.0 

67.0 

62. G 

6$  .0 

59-5 

5.0 

33.5 

61. C 

04  .0 

96.0 

72.0 

71.0 

63.0 

70.0 

66.5 

0.0 

36.0 

67  .0 

60.0 

96.0 

77.0 

6r.o 

t*  .0 

70.0 

67.0 

7-0 

jt.O 

60.0 

4('.$ 

83.0 

67.0 

50.0 

55.5 

62.6 

$9.0 

8.0 

34.0 

51.3 

39.3 

73.0 

$6.0 

48.0 

40*5 

$4.0 

50.3 

9-0 

26.0 

•*'■-!) 

33-0 

64.0 

46  0 

42.0 

42.0 

47.0 

43.5 

iO.o 

22.0 

41.0 

29.7 

$N0 

4  j.Q 

37.5 

38.0 

43.0 

39.0 

U.O 

19.7 

3C.0 

26.'; 

52.0 

40.6 

33-5 

35.3 

40.0 

35. 1 

U.A 

lo.O 

35.0 

24.0 

*6^.0 

38.5 

30.5 

33.0 

37.0 

33-1 

»,  p,  mod  c  Indict,  that  th*  .l.tlon  ta  .t.rbcrd.  port,  or  oo  .hip’, 
cnt.rl  ip. ,  ’  ’  r 

Corr.  Ihc  1«  adjust..:  for  dirr.rwica  in  fallout. 
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TABLE  A.  12  GAtMA  DOSE  RATE  (r/hr)  EOft  DETECTOR  STATIOHS  OK  KADI  DECK 
AfT  AT  VARIOUS  TWEC  AETER  SHOT  5 


TAG  39 


Statlo 

Time 

(hr) 

n  65»(*) 

Main  Deck  Aft 

67*  60p  71c 

Oba. 

Mean 

Oeir, 

Mean'b) 

"" 

2.0 

5.25 

r 

8.8 

6.6 

**•55 

6.30 

2.25 

2.5 

5.0 

8.4 

6.8 

5-2 

6.35 

2.49 

3.0 

9-3 

9.3 

7.5 

6.1 

7.05 

3.03 

3.5 

5-e 

10.8 

8.6 

7.0 

8.05 

3.83 

4.0 

6.U 

12.3 

9.5 

8.0 

9.05 

4.92 

**•3 

7.2 

14.0 

10.5 

9.2 

10.2 

6.22 

5.0 

6.2 

10.7 

9-3 

7.8 

8.55 

5.78 

6.0 

5.25 

KV1 

8.3 

7.1* 

7.41 

5.93 

7.0 

4.05 

6.0 

6.2 

6.3 

5.64 

4.82 

8.0 

3.1 

4.8 

5.2 

3  e 

4.23 

3-59 

9.0 

2.65 

3.85 

4.4 

3-2 

3-53 

2.09 

10. 0 

2.2 

3.3 

3.7 

2.8 

3.00 

2.35 

n.o 

1.9 

2.85 

3.1 

2.37 

2.56 

1.82 

12.0 

_ ij _ 

2^5  _ 

2.65 

2.05 

2.21 

1.49 

TAG  1*0 

2.0 

21.0 

21.5 

25.0 

20.5 

22.0 

2.5 

29.0 

29.5 

3**-5 

29.0 

30.5 

3.0 

33.5 

31*.5 

EES 

32-5 

3.5 

37.0 

40.0 

44.0 

36.5 

39A 

4.0 

40.5 

44.5 

48.0 

41.0 

•*3.5 

4.5 

46.0 

47.0 

52.5 

46.3 

48.0 

5.0 

49.5 

50.0 

55.0 

50.0 

51.1 

6.0 

47.0 

47.0 

52.0 

48.0 

48.5 

7.0 

42.0 

41.0 

44.5 

42.0 

42.4 

8.0 

36.0 

35.0 

39.0 

36.0 

36.5 

9.0 

32.0 

31.5 

35.0 

31-5 

32.5 

10.0 

28.5 

29.0 

31.5 

28.3 

29-3 

11.0 

26.0 

26.3 

28.5 

25.7 

26.6 

12.0 

23.5 

24.3 

26.5 

23.5 

24.5 

(•)  A,  p,  and  c  Indicate  that  the  atation  la  atarboard,  port,  or  on  ahlp'a 
centerline. 


^  Corr.  Mean  is  adjusted  for  difference  In  fallout. 


TABLE  A.  13  CUHTLATIVE  GaWA  DOSE  (o  )  FOR  INTERIOR  DETECTOR  STATIONS  AT  VARIOUS  TIMES  AFTER  SHOT  1* 


Station 


UNSHIELDED  STATIONS  IN  SUPERSTRUCTURE  ABOVE 

_ MAIN  DECK  _ _ 

3Bv*/  39c  51c  47p  Sjp  63  a  Av 


COMPARTMENTS  AHJACENT 

BCfITCM 

BQUAR 

teX'ORD 

ENGINE  CASING  SadDEGK 

#2KCtO 

RHOTC 

ROCK 

55.  5f*>  Av. 

25c 

5dc 

_ 

-ssT 

XAS  39 


1.5 

uo 

23° 

41 

120  1 

82 

ia 

127 

1  ’ 

22 

TT 

20 

67 

T 

-  1 

4a 

2.0 

445 

6a 

164  | 

390 

232 

470 

397 

w  i 

43  ! 

45.5 

170 

4.0  ! 

17.4 

2.5 

(90 

mo 

263 

580 

355 

72 

640 

32 

70  ! 

76 

255  , 

14.0  1 

26.9 

3.0 

1030 

1450 

370 

710 

445  | 

910 

819 

11 4 

85  : 

99.5 

315 

19*0  i 

38.0 

3.5 

U90 

1710 

430 

300 

500 

:  1060 

948 

130 

96 

113 

350 

28.5  i 

44.5 

4.0 

1320 

1900 

400 

0)0 

550 

j  1160 

1050 

145 

1-5 

12^ 

383 

85.5 

50.0 

4.5 

1420 

2050 

525 

920 

580 

122D 

1X20 

156  1 

112  j 

13“ 

*05 

54.0 

5«0 

2130 

1  960 

no  ; 

1  1260  . 

-U.oo, 

IVi  ..1  , 

119  ; 

.  1U.  J 

1 - Mal.1 

IAO  40 


- 

1  *5 

650 

730 

240 

100c 

890 

1  1  r 

rro  j  613  !  83.8 

' 

39 

— 

31.4 

180 

1 

1.54' 

8.0 

>50 

4700 

1100 

275* 

uyo 

2990  i  2620  I  TO 

111 

90.5 

780 

6.5  16.4 

2.5 

7<*C 

8600 

2010 

4750 

214. 

5650  I  5030  1  a38 

176 

157 

U.4. 

11.9  87.7 

3.0 

10400 

12000 

2630 

6500 

2900 

0800  |  714  !  304 

835 

819.5 

1^10 

16.5  37.0 

3.5 

1340 

15000 

3500 

7900 

3550 

10300  I  a*o  ;  255 

254 

869.5 

1880 

80.’,  4j.2 

4.0 

159.0 

17500 

4070 

8(300 

4050 

11700  10300  !  302  : 

310 

306 

2090 

24. v.  45.6 

4.5 

17900 

193-0 

459 

9500 

4450 

13100  ■ 11500  i  33-  ; 

347 

348.5 

2290 

87.0  58.8 

■5iQ- 

_Aaa 9 

8OT00 

495.  1 10100 

4800 

i4aooiigiooJJLi  t 

.MS 

-846g_ 

_ _ kiafi. 

•  ,  P,  and  c  Indicate  that  'he  MeMt-n  1*  starboard,  sort  f  r  ship’*  centerline. 
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TABLE  A.lU  CUttHJlT’VE  0AM4A  DOSE  (r)  FOR  UKSHULDED  STATI0R3 
Of  SUmsTRUCIVHE  ABOVE  KADI  DECK  AT  VARIOUS  TUBS  AFTER  SHOT  5 


fit*  til 

Tlafc 

(hr) 

»  38(«) 

39* 

4lc 

Wp 

53p  63c  Ob*. 

Kean 

Oorr. 

Meant*) 

IAG  1 

2 _ _ _ _ _  _ 

2.0 

0.47 

o.7o 

0.29 

0.45 

0.32 

0.80 

0.606 

0.294 

2.5 

0.97 

1.5 

0.53 

0.69 

0.48 

1.2 

0.895 

0.452 

3.0 

I.63 

2.4 

0.80 

0.98 

0.65 

1.73 

1.37 

0.722 

3.5 

2.5 

3*4 

1.15 

1.43 

0.90 

2.33 

1.95 

1.07 

4.0 

3.4 

4.5 

1.5 

1.9 

1.17 

2.95 

2.57 

1.46 

4.5 

4.4 

6.3 

1.9 

2.45 

1.4 

3.6 

3.34 

1.97 

5.0 

5.4 

8.0 

2.25 

2.95 

1.6 

4.25 

4.08 

2.49 

6.0 

7.2 

10.8 

2.6 

3.85 

2.0 

5.5 

5.36 

3.53 

7.0 

8.6 

13-2 

3.3 

4.65 

2.3 

6.5 

6.43 

4.50 

8.0 

9.6 

15-0 

3.6 

5.25 

2.57 

7.3 

7.22 

5.31 

9.0 

10.5 

16.7 

3.85 

5.7 

2.73 

7.9 

7.90 

6.06 

10.0 

H.3 

18.2 

4.1 

6.2 

2.9 

8.5 

e.53 

6.72 

11.  V 

12.0 

19.3 

4.3 

6.4 

3.0 

8.9 

8.98 

7.13 

12,0 

42-5 

20.3 

4.45 

6.7 

_L*SL- 

i-1  ..1 

9.38 

-hi a— 

XAC  40 


2.0 

5.7 

7.0 

3.65 

2a 

0.38 

3.0 

3-64 

2.5 

13.0 

12.5 

4.7 

3.9 

1.6 

7.0 

7U2 

3.0 

17.3 

21.0 

5.9 

0.3 

2.6 

lia 

10.8 

3.5 

22.7 

31.0 

7.6 

9.0 

4.2 

15.5 

15.0 

4.0 

30.0 

44,5 

10.0 

12.0 

5.7 

20.0 

20.4 

4.5 

43.0 

60.0 

13.0 

15.5 

7.5 

25.0 

27.3 

5.0 

56.0 

78.0 

lt.O 

19.0 

9.4 

30.0 

34.7 

6.0 

82.0 

U5.O 

22.5 

27.0 

13.0 

40.0 

49.9 

7.0 

105.0 

147.0 

26.0 

33.5 

17.0 

49.0 

63.3 

8.0 

125.0 

173.0 

33.0 

39.5 

20.0 

58.0 

74.8 

9.0 

143.0 

200.0 

37.5 

44.5 

22.7 

66.0 

85.6 

10.0 

160.0 

220.0 

41.5 

49.0 

24.5 

72*0 

94.5 

n.o 

171.0 

240.0 

44.5 

53.5 

26.7 

78.0 

10G.0 

12.0 

182.0 

258.0 

47.5 

57.0 

_ _J 

26.3 

84.0 

109.0 

p  and  c  Indicate  that  the  station  if  to  port  or  on  ship's  centerline. 
(fe)  Corr.  Mean  Is  adjusted  for  difference  In  fallout  on  the  two  ship*. 


TABLE  A. I?  ODCTLATTVE  GA>*4A  DOSE  (mi*)  FOP  DETECTOR  STATIONS  BELOW  MAH 
DECK  AT  VARIOUS  TIKES  AFTER  SHOT  5 


oc*PARo«ns  ADJAcarr  to  heihe  casho  -  second  dboc 


Station 

Tims 

(far). 

1A0  39 

UC  40 

55.V«r 

5Sp 

Ota. 

Mean 

Corr7“ 

Meant*) 

55. 

5^> 

Ota. 

Mean 

2.0 

'I 

80.0 

| 

59.0  j 

69.5 

33.7 

85.0 

90.0 

87.5 

2.5 

138.0 

S7-0 

no.o 

59.5 

190.0 

210.0 

200.0 

3.0 

188.0 

138.0  | 

162.0 

95.2 

280.0 

320.0 

300.0 

3.5 

2  00.0 

165.0  i 

223.0 

122.0 

390.0 

450.0 

420*0 

4.0 

350.0 

240.0  I 

295.0 

168.0 

520.0 

570.0 

543.0 

4.5 

4*0.0 

300.0  1 

370.0 

218.0 

670.0 

720.0 

695.0 

5.0 

520.0 

350.0 

435.0 

265*0 

810.0 

850.0 

630.0 

t'.C 

650.0 

450.0 

550.0 

362.0 

noo.o 

1180.0 

u*o.o 

7.0 

750.0 

480.0 

615.0 

430.0 

1330.0 

15°0.0 

1420.0 

8.0 

820. 0 

510.0 

685.0 

489.0 

1530.0 

1800.0 

1670.0 

5.0 

JuO.O 

t>3.s*0 

i'od.0 

545-0 

1700.0 

^000.0 

18'...  0 

10.0 

920.0 

5W.0 

750.0 

582.0 

1S6Q.0 

23‘C.o 

2000.0 

LL.O 

jO.O 

00.0  j 

775.0 

ia.5.0 

’4«.C 

*250.0 

_ L  «.o  _ 

030.0 

905-0 

2100.0 

2320-0 

2210. C 

KZCO.-LSR  , 
YAu  39  "  £ 

04p  04 

Corr 


a^joj  Jo.c 

>_.x  U.06-O 

>  OO 

7 100  U30.u 

icooo  I3J0.0 

12700  .o 

15200  1500.0 
17000  .  VO 

18000  -0 


or  r.  ship'  i 


Corr.  weena  that  *  he  ' 
out  T.  the  two  ahlpw. 
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TABLE  A. 16  UA»tA  DOSE  RATE  (nr/hr)  FOR  DETECT 'R  STATIONS  (INTERIOR)  AT  VARIOUS  TIKES  AFTER  SHOT  « 


UNSHIELDED  STATIONS  IN  SlJFf^3TOU7rUPE  ABOVE 
MAIN  DECK 

coMPAHoaanB  adjachtt 

ENGINE  CASING  2ndDKCK 

BOTTOM  BOILER  RECORD 
#2  HOLD  FRONT  ROOM 

Station  30U)  3Qo  41c  47p  63a  Av. 

Tlaa  i 

_ _ _ 

55a  56»  Av. 

26c  5«c  &p 

jjjj 

HI 

gn 

py 

PS 

BW 

m?  ■ 

Klfl 

Bfll 

E  LSI 

K 

■Jj  : 

Ej 

K  1  fl 

■ttjfl 

vk! 

■22 : 

|9 

EFEB 

■T9 

i^H£v  vV 

Bm  • 

V  i  ■ 

Hi® 

■RIB 

■t  tp 

■g  _ 

Pss 

P£  '  PI 

■si 

ptfl 

Wm$& 

■9 

B9 

■oil 

HBn 

Mbit 

BKVfl 

■2MB 

M 

3000 

— 

3600 

1091 

3450 

1400 

3600 

■r 

2720i 

— 

63 

— 

96 

ao.5 

630 

7.2 

22 

2.0 

6900 

aioo 

1780 

3850 

1710 

5300 

4610: 

114 

133 

1*3.5 

1040 

10.85 

23 

2.5 

7600 

aioc 

1950 

3700 

1750 

^400 

47501 

145 

125 

135 

910 

10.85 

23.1 

3.0 

6700 

oooo 

1680 

2950 

1450 

4550 

40201 

J17 

102 

109.5 

730 

9.2 

16.0 

3.5 

■jSOO 

5400 

1340 

2420 

1170 

3600 

3190 1 

91 

64 

90.5 

560 

7.65 

11.8 

4.0 

4250 

I  4200 

1100 

1970 

91 0 

2y20 

2570 : 

77.5 

67 

72.3 

470 

6.1 

9.2 

4.5 

3500 

3700 

910 

1610 

790 

2470 

2I60| 

65 

56 

60.5 

390 

5.0? 

7.25 

5.0 

3000 

|  3100 

760 

1340 

640 

2110 

1530 

53 

46.5 

49.8 

325 

4.35 

5.9 

(•)  a,  p,  and  c  Indicate  that  *he  station  la  starboard,  r°r(  ,  or  on  ship'*  centerlina. 


TABLE  A.  17 


GAJWA  DOSE  RATE  (r/hr)  FOR  DETECTOR  STATIONS  IN  SUPERSTRUCTV,>’ 
ABOVE  HAIR  DECK  AT  VARIOUS  TIKES  AFTER  SHOT  6 


Station  38(*) 

Tlja*  1 

(hr) 


39c  41c 


4?p  53r  63c 


;  abuts  min  iajL 

Obi.  Corr. 

Me*a  He«n(tj 


2.0 

0.90 

- - 

1.13 

0.42 

~1 

0.78  , 

0.-3 

1.05 

O.T78 

0.278 

2.5 

1.2 

1-5 

0.465 

0.72 

0.3* 

1.07 

0.866 

0.348 

3.0 

1-5 

2.0 

0.54 

0.79 

0.365 

1.15 

1.06 

0.455 

3.5 

1.78 

2.5 

0.67 

0.90 

0.415 

1.23 

1.25 

0.595 

4.0 

2.2 

!  3.1 

0.82 

1.0 

0.»55 

i.30 

1.48 

0.80s 

4.5 

2.6 

1.75 

0.77 

1.22 

0*^2 

1.52 

1.73 

1.06 

5.0 

2.35 

3.55 

0.72 

1.08 

0.49 

1.4o 

1.60 

1.00 

6.0 

1.78 

3.15 

0.^6 

0.90 

C.*M> 

1.29 

1.35 

1.0(3 

7.0 

1.2i 

2.4 

0.43 

0.68 

0.26 

0.93 

l.OC 

0.855 

8.0 

1.01 

1.9 

0.315 

0.51 

0.193 

O.69 

0.771 

0.653 

9.0 

0.83 

;  1.43 

0.263 

0.42 

O.lb 

O.36 

G.bU 

0.^01 

10.0 

0.70 

l.OC 

0.223 

0.3b 

0.123 

9.90 

0.298 

0.38s 

11.0 

0.60 

i  0.90 

0.193 

0.295 

0.107 

0.»4 

0.223 

0.300 

12.0 

0.50 

:  0.79 

10067 

.0-265 

o.^i 

Q-39 

9-376 

0.247 

IAS  40 

a-.O 

5.0 

8.4 

2.06 

4.9 

2.3 

b.t< 

4.94 

«>.s 

9.0 

-.3 

2.85 

5-05 

2.8 

7.: 

b.fcl 

j. 

12.0 

1  (  .0 

3.5 

5.0 

2.8 

8.2 

8.06 

3.5 

15.8 

2J.0 

4.25 

J.** 

3.07 

8.3 

10.1 

4.0 

19.0 

20.5 

4.9 

6.2 

3.3 

11.9 

.  s 

23.5 

34.0 

5-9 

7.1 

3.5 

10.5 

14.1 

l-.C 

20.3 

38.0 

6.5 

t  •  / 

3.6 

u.o 

ISO 

o.O 

20.5 

30.0 

0.7 

7,9 

3.9 

10.7 

15. 3 

7.0 

21. s 

31.5 

>.8 

i.o 

8.45 

9.^ 

13-1 

18. 0 

iTi.O 

4.9 

5-95 

3.0 

6.1 

Li. 2 

9.0 

.  10.3 

43.0 

4.25 

5-15 

2.55 

1.2 

9.7c 

10.0 

i<»,  ; 

20.  r 

3-74 

*.55 

2.15 

6.3 

8.CV 

11.  c 

13.3 

1 " .  '• 

3.3' 

4.0 

1.93 

5.6 

7 .76 

12. U 

12.2 

lc.3 

1 

.3-65 

2-0 

Yt<* _ 

p 

*nd  r  i:v 

iir'.’r  *  *• 

•  h.  9 

■  *  let*. 

•  -t 

r  r.  sh 

Ip'p  cpriprlin# 

lb.- 

rr.  ar«ri  Ip  pI.'up 

t#A*  r  r 

d  i  r*>! 

NT.  v  .  in 

*  „.t 

r.  ihe  ?»r  phi  on. 
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TABLI  a.  19  <MMM  D06K  RATS  («r)  IOR  «TTKTOR  STATIONS  HSLW  MAH  CKK 
AT  VARIOUS  TD«£>  ATTEJt  BMW  5 


nramegivrrrR  enjereirr  w.  nr.in:  RASIK  -  moTii  .mx 


110  39 

dtatlo 

Tlaa 

ihr) 

o  55a(*) 

ou. 

Main 

Corr. 

Mb) 

55. 

■ 

Ob*. 
Am n 

2M 

137.0 

78.0 

108.0 

38.6 

170.0 

180.0 

2.5 

116.0 

79.0 

97.5 

38.3 

185.0 

193.0 

3.0 

ilo.o 

89.0 

115.0 

69.2 

200.0 

215.0 

208.0 

3.5 

172.0 

103*0 

138.0 

65.5 

225.0 

255-0 

260.0 

W.O 

aoo.o 

U5.0 

158.0 

86.0 

265.0 

275.0 

270.0 

6.5 

825.0 

130.0 

178.0 

109.0 

300.0 

310.0 

305.0 

5-0 

203*0 

120.0 

162.0 

110.0 

3W.o 

350.0 

330.0 

6.0 

137.0 

92.0 

115.0 

91.5 

260.0 

365.0 

313.0 

7.0 

ae.o 

66.0 

77.0 

66.0 

210.0 

307.0 

269.0 

8.0 

66.0 

67.0 

56.5 

67.9 

185.0 

66O.0 

213.0 

9.0 

52.0 

37.5 

66.8 

36. ; 

157.0 

200.0 

179.0 

10.0 

W.O 

31.0 

36.5 

26.5 

135.0 

175.0 

155.0 

11.0 

3“*J- 

22.0 

28.0 

19.9 

121.0 

155-0 

138.0 

26.0 

19.0 

— 

107.0 

138.0 

.na.0 

(*)  a,  p,  mod  e  Indicate  that  the  station  la  starboard,  pert,  or  on  ship 
canterline. 


Corr,  bmai  that  the  atation  U  adjuated  for  difference  in  fallout  01 
the  two  ship*. 


TABLE  A.i9  STARBOARD  BOILER  COJTTR IBUTIOR  TO  THE  RADIATION  EIZLD  a  THE 
flRIBC  ISLE  AS  RECORDED  AT  STATICfl  59-  C1MJLATIYE  GAJMA  DOGE  (ar)  AID 
GAMKA  DOGE  RATE  (mr/hr)  AT  VARIOUS  TIMES  A/TER  SHOTS  W  and  %  TAG  39/ 
TAG  WO  RATIO 


CIMULATIVE  GAMMA  DOGE 
Tla*  ,  TAG  39  TAG  39  TAG  WO 

{hr)  ■  Corr.'*) 

■  i  —  . 


TAG  39 
TAG  WO 
Satio 


I 

GAMA  DG6I  BATE  I 

TAG  39  TAG  39  TAG  W«  !  TAG  • 
Carr,  |  TAG  \ 

1  Hatl< 


Shot  5 


2.0 

W.2 

a.ow 

l.U 

l.dW 

10.7 

3-8 

2.8 

1.37 

2.5 

9.5 

W.6 

2.6 

1.85 

13.7 

5.6 

3.3 

1.63 

3.0 

17.0 

8.95 

w.w 

2.03 

18.  V 

7.7 

w.o 

1.92 

30 

ae.o 

15.3 

6*1 

2.51 

22.5 

10.7 

6.05 

2.31 

W.O 

*1.0 

23-3 

8., 

2.9C 

25.0 

13.7 

5.5 

2.WO 

6.5 

55.0 

32.* 

10.5 

3.09 

36.0 

22.0 

6.1 

2.60 

5.0 

70.0 

62.7 

13.2 

3-26 

36.0 

23- 

6.2 

3.70 

6.0 

97.0 

03.8 

20.0 

3.19 

27.7 

22.2 

6.1 

3-63 

7.0 

lao.o 

93.9 

26.0 

3-23 

23.5 

20.0 

5.5 

3.6c 

6.0 

136.0 

102.0 

31.0 

3.29 

20.0 

16.9 

5.0 

3-69 

9.0 

157.0 

121.0 

35.0 

3.WO 

17.5 

16.6 

W.o 

3.12 

10.0 

173.0 

130.0 

3c.5 

3-53 

lo.O 

12-5 

W*2 

2.98 

11. 0 

187.0 

lWy.O 

6.'9 

13.0 

9.8 

3.9 

2.51 

12.0 

aoo.o 

l^o.o  ;  %w. 

!■»_, 

8.9 

3.55 

2.51 

(2»o 

t  w 

1.5 

. 

""" 

- 

r  “[ 

1.9 

1.22 

1.56 

2.0 

2.25 

0.96 

2.3V 

W*lt 

2.23 

1.87 

2.5 

5.0 

1.5 

3.33 

6.2 

2.37 

2.62 

3.0 

-.6 

2.0 

3.00 

5.0 

2.0 

2.50 

j  •  • 

10.6 

).? 

2.72 

3.9 

1.66 

2.36 

W.O 

12.0 

2-57 

5.35 

1.33 

6.17 

4.5 

1».9 

5.6 

2.06 

3-75 

1*12 

3.35 

5.- 

16.  t 

6*1 

_ _ _ 

2.  .’2 

3.15 

0.96 

3.2t 

Corr.  Ladle* ted  that  the  nua  h m  been  corrected  far  dlffaraaee  la 
fall-out  oc  tar  two  ahl^s. 
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Appendix  8 

SUPPLEMENTARY  MATERIAL  ON  SHIP 

SHIELDING 


B.l  DERIVATION  OF  THE  SHIELDING  FACTOR 

B.1.1  Components  of  the  Shielding  Factor*  Let  the  dose  rate, 
or  intensity,  measured  above  the  deck  be  1^,  which  may  consist  of  the 
sum  of  three  elements: 


I  -  contribution  from  activity  deposited  on  weather  surfaces 
Is  -  contribution  from  activity  in  the  air  during  the  fallout 
event 

Jw  -  contribution  from  activity  in  the  sea  water# 


For  this  discussion  let  the  ratio  of  the  dose  rate  in  an  interior  com¬ 
partment  to  that  on  the  deck  define  the  shielding  factor  f,  witn  the 
appropriate  subscript,  for  each  of  the  three  components.  Then  the 
overall  shielding  factor  F,  defined  simply  as  the  ratio  of  the  jnterior 
dose  rate  to  that  on  deck,  due  to  all  radioactive  sources,  i3: 


F  -  ^ 


f i  *t i  tfi 

ss  a  a  w  w 

I  +  I  +  I 
saw 


(B.1) 


Now  each  f  depends  on  the  energy  spectrum  of  the  radiations,  on 
the  geometry  of  the  radioactive  sources,  and  on  the  characteristics  of 
the  ship.  The  value  of  F,  however,  is  not  uniquely  determined  by  the 
individual  ffs,  but  depends  also  on  the  values  of  the  radiation  compon¬ 
ents.  Therefore,  evaluation  of  the  overall  shielding  factor  for  any 
fallout  situation  requires  a  knowledge  of  all  six  of  the  variables  in 
Equation  B.l. 


Borne  conclusions  regarding  the  relation  between  F  and  f  nay  be 

made  by  subtracting  f  from  both  sides  of  Equation  B.l,  giving: 

9 


(f  -  f  ) 

a  s' 


a/I, 


dk 


(f  - 

w 


VI 


dk 


(B.2) 


Lf  the  ship  is  in  the  fallout  event  and  in  contaminated  water, 


F  >  f  if  (f  -  f  ) 

s  a  s 


I  + 
a 


(f  - 

w 


fs} 


I  >  0 


(B.3) 


This  presentation  is  somewhat  simplified  in  that  the  quantity  f  I 
may  consist  of  the  sum  of  several  such  terms.  This  would  be  the  gale 
if  more  than  one  weather  surface  contributed  significantly  to  the 
radiation  level  at  the  poir.,  of  interest,  e.  g.,  activity  deposited 
on  the  upper  deck  and  activity  deposited  on  the  hull. 
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If  the  f &U  out  h'ifl  stopped  hut  the  ship  is  still  in  contaminated  enter, 

Ia  :  0,  an^ 

F  >f„  if  (f*-  f„>  Iw>0  (B,4) 

If  the  ship  is  out  of  the  fallout  event  and  out  of  the  region  of  contami¬ 
nated  water,  I  »0,  L  =0,  and 

U  w 

F  «  f  (B*5) 

3 

B.1.2  Ratio  of  Shielding  Factors,  TAG  39  to  YAQ  kQ.  It  is  assumed 
that  the  two  ships  are  sufficiently  close  together  so  that  they  are 
subjected  to  the  same  gross  fallout  event.  Snail  scale  inhcoogeneities 
in  the  fallout,  however,  can  cause  differences  in  the  activity  deposited 
fron  point  to  point  on  a  given  ship.  At  similar  locations  on  the  two 
ships,  some  variation  _n  the  amount  of  activity  available  to  he  deposited 
can  also  be  expected.  Tc  account  for  such  a  possibility,  it  will  be 
assumed  that  the  amount  of  activity  available  to  he  deposited  on  weather 
surfaces  of  IAG  39  differs  from  that  on  YAG  40  by  a  factor  kg,  which  is 
not  likely  to  be  much  greater  or  less  than  1.  Such  small  scale  inhomo¬ 
geneities  are  likely  to  have  negligible  effect  on  the  dose  rate  from 
waterborne  or  airborne  activity.  In  the  water,  the  activity  concentration 
should  tend  to  be  fairly  uniform  because  of  constant  turbulent  mixing. 

The  dose  rate  from  airborne  activity,  on  the  other  hand,  is  due  to 
sources  distributed  through  a  large  volume  about  the  ship,  so  that  the 
effect  of  small  scale  regions  of  greater  and  lesser  activity  concentration 
than  the  average  should  tend  to  be  smoothed  out.  It  will  be  assumed, 
therefore,  that  the  contribution  from  airborne  and  waterborne  activity 
is  the  same  for  both  ships.  Finally,  it  is  assumed  that  the  effect  of 
washdown  reduces  the  contribution  of  weather  surfaces  on  YAG  39  by  a 
factor  cu 

From  these  assumptions: 


^  =  k  a 
Is40  3 


5m 


aUO 


5m^x 
W  ~ 

In  terms  of  I 


J.n 


V  let 


(B.6) 


dk39  k  a  I  +  I  +  I 

»•— irfgT.fc.  m  g  g  ^  ^ 

Wo 


(B.7) 


I  +  I  +  I 
saw 


The  ratio  of  overall  shielding  factors  at  any  given  location  is: 
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k  a  f  I  +  f  I  +  f  I 
s  s  s  a  a  w  w 

r  (f  I  +  f  I  +  f  I  ] 

'  s  a  a  a  w  w  J 


(B.8) 


From  this  expression,  the  ratio  of  shielding  factors  can  vary  between  the 
following  limits: 


0  <  <  - 

F  r 
40 


f°r  k  a<;  1,  or? 
s 

0  <  F39  <  ks  a 
F40  r 


(B.9) 


(B*10) 


for  the  more  unlikely  case  where  ks  a.  >  1* 

From  Equation  B.8,  it  is  apparent  that  if  the  contribution  from 
airborne  and  waterborne  sources  is  negligible  compared  to  that  from 
weather  surfaces,  then  F39/F  4q  =  1.  Conversely,  when  the  contribution 
from  weather  surfaces  becomes  negligible  compared  to  that  from  airborne 
and  waterborne  sources,  then  F00/F4Q  approaches  1/r. 

Since  r  is  comparable  to  1  minus  the  washdown  effectiveness  (expressed 
as  a  fraction),  determined  in  Chapter  2  to  be  of  the  order  of  0.05  to  0.1, 
it  is  possible,  in  locations  well-shielded  from  weather  surfaces,  for  the 
overall  shielding  factor  on  YAG  39  to  be  an  order  of  magnitude  greater 
than  on  YAG  40. 

From  Equation  B.8  the  condition  that  F39/F4Q  >  1  is: 


(f  -  f  )  I  +(f  -  f  )  I  >  0  for  k  a  <  1  (B.ll) 

as  a  ws'w-  s  \  / 

which  is  identical  to  the  condition  that  F>  fg,  as  given  by  Equation  B.3* 

B.1.3  Relation  Between  fs  and  F.  The  shielding  factor  for  weather 
surface  o nn t-nm i  nat. i  on  can  be  estimated  from  measurements  of  the  overall 
shielding  factor  on  the  two  ships  in  the  following  way.  From  the  assump¬ 
tions  of  Section  B.1.2,  the  difference  in  deck  intensities  is  given  by: 

1.41  1  n  =  I  +  I„  +  I 

dk40  saw 


Idk40 


k  a  I 
s 

Xdk39 


s 


+  I  +  I 
a 


=  I  (l-k 

3  S 


W 

a) 


(B.12) 


TTie  difference  4.n  intensit  i  s  at  a  shielded  location  is  given  by: 


f  I  +  f  I  +  f  I 
s  s  a  a  w  w 


fl  +  f  I  +  f  I 
ss  a  a  w  w 


=  f  I  (1  - 

S  3 


~k  aj" 


(P.13) 
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From  these  two  equations,  and  recalling  that  r  =  ^39/ ^dW)' 


f 

s 


1  -  r 


(B.14) 


To  show  more  clearly  the  relation  between  fs  and  F,  this  expression 
may  be  rewritten  either  as 


(B*15) 


or: 


f 

s 


F 

1 140 

r  F3o 


(B.16  ) 


Except  in  the  instrument  recording  room,  the  observed  values  of  F39/FI0 
are  in  the  neighborhood  of  lj  to  2.  The  observed  values  of  r,  however, 
are  of  the  order  of  10  or  20.  From  Equation  B.15,  it  can  be  inferred 
that  fs  is  less  than  F4Q,  but  by  at  most  about  20  percent.  On  the  other 
hand,  from  Equation  B.lo,  fs  may  be  less  than  half  the  value  of  F39.  In 
the  heavily  shielded  recorder  room,  Fho/f^  and  l/r  are  of  the  same  order 
of  magnitude;  hence  at  this  location  fs  may  be  considerably  less  than 
F40  and  more  than  an  order  of  magnitude  less  than  F39. 


B.2  EVALUATION  OF  THE  SHIELDING  FACTOR  UNDER  A  2 -IN- THICK  DECK 

The  dose  rate,  I,  measured  under  the  two  6-ft  square  plates,  due  to 
sources  on  the  upper  deck,  car  le  separated  into  two  components:  Itr, 
from  radiations  transmitted  through  the  plates,  and  Isc>  from  radiations 
which  do  not  pass  through  the  plate.  These  latter  radiations  may  consist 
of  gamma  rays  scattered  in  an  upward  direction  by  the  air  and  by  the 
second  deck  and  also  of  rays  traveling  directly  to  the  detectors  from 
relatively  distant  sources  on  the  upper  deck.  These  radiations  might 
not  contribute  more  than  a  few  percent  to  the  total  reading  if  the  plates 
were  not  present.  However,  because  of  the  large  attenuation  of  radiations 
passing  through  the  plates,  Itr  and  Isc  can  be  of  the  same  order  of 
magnitude . 

To  obtain  a  belter  estimate  of  the  dose  rate  under  a  large  2-in.- 
thick  deck,  an  attempt  has  been  made  to  eliminate  Isc  in  the  following 
way.  Assume  lsc  is  the  same  for  both  the  2-in.  and  4-in.  plates.  Let 
Itr  for  the  4-in.  plate  equal  some  factor  k  times  Itr  for  the  2-in.  plate. 
Then 


+  I 


sc 


(B.17) 
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I  n 
4 

from  which 


kItr  *  \a 


In  terms  of  shielding  factor?,  F  ■  i/l^  where  1,^  is  the  dose  rate 
measured  on  the  upper  deck  above  the  plates. 


(B.19) 


In  Section  3*4.4  of  the  text  the  quantity  Fg”  -  F^'1  has  been  used  as  an 
estimate  of  the  shielding  factor  which  would  be  measured  beneath  a  2-in 
thick  deck.  On  the  basis  of  the  steel  pipe  absorption  data,  k  is  less 
than  about  0.15,  so  that  Fg"  -  F^"  should  be  within  20  percent  of  Ftr» 


B.3  CALCULATION  OF  SHIELDING  FACTORS  FOR  DEPOSITED  ACTIVITY 


B.3.1  Basic  Approach.  Consider  a  steel  plate  with  isotropic  radio¬ 
active  sources  uniformly  distributed  over  one  surface.  Assume  that  the 
energy  spectrum  and  the  multiple  scattering  buildup  characteristics  of 
the  radiations  are  such  that  the  dose  rate  from  a  beam  of_the  radiations 
traveling  through  an  absorbing  medium  is  attenuated  as  e-us,  where  s  is 
the  thickness  of  absorber  and  u  the  apparent  absorption  coefficient  as 
determined  from  Section  3 .4.3*  This  attenruation  might  be  measured  by  an 
isotropic  detector  receiving  radiations  incident  on  it  from  all  directions. 

Suppose  there  are,  in  general,  several  absorbers  (steel  plates  and 
intervening  air).  Then,  considering  also  geometrical  attenuation 
(inverse  square  law),  the  dose  rate  dl  at  any  point  due  to  the  sources 
distributed  over  an  element  of  area  dA  is  given  by: 


dl  =  lo 


-Eiis 

e 


dA  r 

4tt  (es) 


(B.20) 


where  IQ  represents  the  source  strength,  and  is  equal  to  times  the 
fiose  rate*  measured  at  unit  distance  from  a  unit  area  of  the  source.  Hie 
summation  is  taken  over  all  media  between  the  source  and  the  receiver. 1 

Integration  of  Equation  E  20  over  the  entire  area  containing  radio¬ 
active  source o  will  give  the  dose  rate  I  at  any  point  in  terms  of  I  . 

Letting  z  represent  the  total  thickness  of  steel  between  the  con¬ 
tamination  and  the  point  of  interest  and  h  the  distance  of  the  point  from 
a  contaminated  rectangular  plate,  the  integral  of  Equation  B.20  can  be 
expressed  as: 


(  -  Ei(-uh)  +  Ei(-ux  ) 1 
2  0 


(B.21) 


1 

The  approach  here  hollows  that  of  Reference  1  except  than  dose  rate  is 
used  in  place  of  radiation  intensity  (Mev/sq  cm/sec),  and  the  expression 
for  attenuation  Be ”UB ,  where  u  is  the  usual  narrow  beam  absorption 
coefficient  and  B  is  the  buildup  factor,  is  hero  replace'’  by  the 
empirically  determined  expression,  e-UB. 
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Denoting  the  media  steel  end  air  hy  subscripts  a  end  a,  u  •  ^  z/h  +  (j.a 
and  -Ei  represents  the  negative  exponential  integral.  The  symbol  Xq  is 
equal  to  V  h<?  4.  R§,  where  Rq  is  the  radius  of  a  circular  plate  giving  the 
same  value  of  I  as  the  rectangular  plate. 

The  first  term  in  Equation  B.21  represents  the  dose  rate  from  an 
infinite  plate,  and  the  second  term  represents  the  dose  rate  from  beyond 
the  limits  of  the  finite  rectangular  plate.  Their  difference  therefore 
gives  the  dose  rate  from  sources  distributed  over  the  plate  itself. 


B.3.2  Evaluation  of  the  Shielding  Factor.  For  compartments  below 
the  weather  deck,  where  the  weather  deck  is  considered  as  the  only  surface 
on  which  contamination  is  deposited,  the  shielding  factor  for  deposited 
activity  is  given  by: 


(B*22) 


where  Ih  is  the  dose  rate  at  distance  h  below  the  weather  deck  and  I31 
is  the  dose  rate  3  ft  above  the  deck. 

Eovation  B.22  can  be  evaluated  from  Equation  B  21  if  the  decks  and 
intervening  air  are  considered  to  be  the  only  attenuating  media.  The 
calculations  presented  in  the  text  have  assumed  that  the  contaminated 
area  can  be  approximated  by  a  square  of  the  width  of  the  deck,  in  which 
case  Rq  is  approximately  equal  to  the  radius  of  a  circle  of  equivalent 
area.  Also,  the  apparent  absorption  coefficient  for  air,^  has  been 
approximated  by  multiplying  /Za  by  the  ratio  of  the  density  of  air  to 
that  of  steel. 
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Appendix  C 

SUPPLEMENTARY  MATERIAL  ON  SHIP 
DECONTAMINATION 

C.l  PROTECTIVE  COATDK5S 

C.1.1  History.  In  December  of  1952,  the  Mare  Island  Paint  Laboratory 
was  contacted  in  regard  to  developing  a  removable  paint  which  would  be 
temperature  sensitive  and  easily  washed  off  with  a  high-pressure  stream 
of  hot  water.  Approximately  6  months  later,  several  samples  ol  water 
emulsion  paint  were  received  at  NRDL,  and  laboratory  tests  veru  started 
on  both  contaminated  and  uncontaminated  sanqples.  During  the  next  5  months, 
many  variations  of  the  original  formula  were  tested.  It  was.  found  that 
90  percent  or  more  of  the  contaminant  was  removed  iu  the  procesr  of 
removing  the  paint.  A  composition  was  selected  for  further  study  which 
could  be  removed  with  a  stream  of  water  from  a  hot-liquid-jet  unit  at 
approximately  l80°F  and  200  psig  at  a  rate  of  k  to  5  sq  ft/min.  This 
paint  was  identified  as  Radiological  Protective  Coating,  Formula  9^0, 
and  300  gal  were  prepared  by  Mare  Island  for  evaluation  on  the  test  ships 
at  Operation  Castle.  Although  this  paint  could  be  made  in  any  shade  from 
white  to  black,  a  dark  gray  was  selected  so  its  removal  could  be  easily 
followed. 

In  May  1953,  BuShips  Code  588  forwarded  to  NRDL  a  sample  of  a  waste 
product  from  the  Sun  Oil  Company  via  Sellers  Injector  Corporation  to  be 
evaluated  as  a  hot-water-sensitive  coating  for  ships.  The  material  was 
entirely  unsatisfactory  a6  received,  so  Code  588  requested  the  Paint 
Laboratory  at  the  Philadelphia  Naval  Shipyard  to  formulate  a  paint  from 
this  base  that  would  meet  the  specifications.  Subsequently,  a  sample  of 
the  new  composition  was  shipped  to  NRDL  for  evaluation.  It  was  recom¬ 
mended  that  this  paint  be  removed  by  educting  kerosene  or  other  mineral 
spirits  with  the  hot-liquid- jet  units.  This  formulation  was  very  diffi¬ 
cult  to  remove,  and  it  was  impossible  to  remove  more  than  40  to  50  percent 
of  the  paint  with  prolonged  hot-liquid-jet  flushing.  Since  this  paint 
represented  a  type  different  from  the  water-emulsion  paint,  50  gal  were 
shipped  to  the  test  site  for  limited  testing. 

C.l. 2  Objectives.  The  objectives  of  the  protective  coating  study 
were  to  determine  the  effectiveness  of  a  removable  protective  coating  as 
an  aid  in  the  recovery  of  ships  contaminated  by  fallout  from  a  nuclear 
detonation  and  to  evaluate  specific  formulations  of  hot-water-sensitive- 
emulsion  paints  and  solvent  or  oil-base  hot -water-sensitive  coatings  in 
the  above  application. 

C.l. 3  Procedure.  The  starboard  gun  tubs  on  both  the  YAG  39  and 
YAG  40  were  painted  with  an  oil-base  paint^  and  90  percent  of  the 


Sellers  Injector  Corp.,  Formula  X-80593-gray . 
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remainder  cf  Section  3  on  both  ships  was  painted  with  the  water-emulsion 
paint  (Formula  980;  as  shown  in  Figure  C.l. 

Upon  return  of  the  test  ships  from  the  forward  area  after  Shot  2, 
tests  were  made  on  the  only  slightly  active  YAG  39  to  determine  the 
removability  of  the  protective  coatings.  It  was  found  that  the  oil-base 


Note  All  weather  surfaces  painted  with  water  emulsion  point  (Formula  980)  except 
shaded  area  Starboard  gun  tub  painted  with  oil-based  paint. 


Figure  C.l  Plan  viev  of  section  3>  YAG  UO  showing  areas  of 
protective  paint  and  monitoring  stations. 

paint  could  not  be  removed  by  the  hot-liquid  jet,  even  by  soaking  for 
15  to  20  min  in  kerosene.  The  water -emulsion  paint  was  relatively  easy 
to  remove  from  the  horizontal  surfaces  with  the  1250-gal/hr  hot-liquid- 
jet  unit  but  was  very  difficult  to  remove  from  the  vertical  surfaces  and 
impossible  to  remove  more  than  50  to  60  percent  of  the  paint  by  this 
method  alone. 

The  following  procedure  was  very  effective  in  removing  90  to  95 
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percent  of  tr.e  water-emulsion  paint  from  all  surfaces:  (l)  the  paint 
was  sprayed  with  very  dilute  caustic  solution  (approximately  2  percent 
commercial  grade  NaQH);  (2)  this  was  allowed  to  soak  into  the  surface 
approximately  5  to  15  min;  and  (3)  the  surface  was  flushed  with  a  1^-in. 
firehose  at  a  rate  of  approximately  100  sq  ft /min. 

This  procedure  was  used  to  remove  the  paint  from  Zone  3  of  the  highly 
contaminated  YAG  4c,  hut  it  would  not  loosen  the  oil -base  paint  from  the 
starboard  gun  tub.  Three  teams  of  eight  men  each  were  used  alternately. 
Each  team  consisted  of  one  caustic  sprayer,  two  1^-in.  firehose  operators, 
five  hot-liquid- jet  operators  (two  on  each  unit,  and  one  to  help  with 
hoses  and  assist  the  caustic  sprayer).  Supporting  the  three  teams  were 
two  hot-liquid-jet  control  operators,  two  caustic  mixers,  one  team 
coordinator,  and  two  NRDL  supervisors,  all  aboard  the  YAG  39*  The  opera¬ 
ting  schedule  for  each  team  is  shown  in  Figure  C.2. 

The  total  area  of  Section  3>  approximately  5>200  sq  ft,  required 


gjg  ENTER  SET-UP 
OPERATE 


Figure  C.2  Operating  schedule  for  the  teams  removing  the 
paint  from  the  YAG  40  after  Shot  2. 


12  operating  periods  of  23^  min  each  to  complete  the  decontamination. 

Prior  to  the  participation  in  Shot  4  all  of  the  weather  surfaces  of 
the  YAG  40,  with  the  exception  of  the  flying  bridge,  aft  deck  house,  and 
the  hull,  were  painted  with  the  water -emulsion  paint.  This  paint  was 
thinned  with  fresh  water  in  the  volume  ratio  of  1  part  water  to  4  parts 
paint  and.  applied  by  spraying  to  all  of  the  surfaces,  except  the  wood 
planking  of  the  boat  deck  and  the  flight  deck.  It  was  applied  to  these 
two  surfaces  with  swabs.  Approximately  75  percent  of  the  boat  deck  had 
been  resurfaces  with  a  powered  rotary  wire  brush,  and  the  paint  was  applied 
directly  to  the  bare  wood. 

The  YAG  40  was  not  decontaminated  until  after  Shot  5,  because  only 
an  Insignificant  amount  of  activity  was  present  from  the  preceding  shot. 

The  decontamination  was  operational  rather  than  experimental.  It  was 
considered  impractical  to  attempt  to  remove  the  paint  with  the  hot-liquid 
Jet  alone  and  the  caustic  soda  procedure  was  begun  immediately. 

The  general  method  used  to  reduce  the  radiation  level  and  remove  the 
paint  was:  (l)  firehose;  (2)  allow  to  dry;  (3)  applv  caustic  solution; 

(4)  direhose.  The  initial  firehosing,  done  with  a  If -in.  fog  nozzle 
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firehosed  Initially,  then  each  section  was  treated  as  a  unit  for  paint 
stripping.  A  5  percent  solution  of  caustic  in  seawater  was  applied  to 
the  decks  with  swabs  and  a  10  percent  solution  vas  sprayed  on  the 
using  a  solid  stream,  vas  intended  to  remove  loose  activity  and  hold 
recontaaination  to  a  minimum.  The  surface  had  to  dry  before  caustic 
application  because  the  caustic  solution  vould  not  penetrate  the  water 
film  and  effectively  attack  the  coating  beneath,  ftie  vhole  ship  was 
bulkheads  with  a  gasoline  engine -driven  sprayer.  The  removable  paint 
was  then  stripped  with  a  1^-in.  fog  nozzle  using  the  solid  stream  and 
flushed  overboard.  The  main  deck  passage  on  either  side  of  the  super¬ 
structure  companionways,  however,  were  flushed  with  a  Sellers  6, 000  gal/ 
hr  hot-liquid- jet  unit. 

The  paint  stripping  operation  took  5  days  to  complete.  Hie  teams 
were  setup  similarly  to  those  described  for  the  stripping  operation 
following  Shot  2,  except  that  usually  three  teams  operated  simultaneously 

C.1.4  Results  and  Discussion. 


C.  1.4.1  Application  of  Paint.  The  water-emulsion  paint  (Formula  9^0 ), 
as  received,  was  found  to  be  very  difficult  to  apply  with  the  available 
spray  equipment  without  throwing  out  large  chunks,  which  resulted  in 
buildup  of  a  thick  layer.  It  was  found  that  a  heavy  layer  was  very 
difficult  to  remove.  A  layer  of  1  to  2  mils  was  most  desirable.  The 
paint  was  thinned  with  fresh  water  in  the  volume  proportion  of  one  water 
to  four  paint,  before  applying  by  spray.  In  many  places  the  vertical 
surfaces  showed  run  streaks.  The  paint  dried  tack  free  in  about  1  hr 
to  a  dark  gray,  almost  black  color.  From  6  to  8  hr  vmo  required  for  the 
paint  to  take  a  permanent  set.  The  oil  base  paint  was  applied  by  brush 
and  appeared  to  have  brushing  qualities  equal  to  that  of  any  other  good 
grade  of  paint.  This  paint  dried  tack  free  in  approximately  4  hr  and 
set  to  a  yellow  gray  layer  in  approximately  12  hr. 

C.1.4, 2  Durability.  A  few  hours  after  painting  the  test  ships  for 
participation  in  Shot  1,  a  considerable  amount  of  rain  fell,  which 
resulted  in  loosening  much  of  the  water -emulsion  paint  on  the  horizontal 
surfaces.  The  vertical  surfaces  appeared  to  be  unharmed,  as  were  the 
surfaces  covered  with  the  oil-base  paint. 

The  deck  surfaces  covered  with  the  water -emulsion  paint  were  slip¬ 
pery  when  wet,  and  heavy  traffic  over  these  areas  loosened  the  paint, 
which  was  washed  away  by  the  rain.  However,  it  was  observed,  that  after 
the  paint  had  been  given  sufficient  time  to  set  prior  to  wetting  it 
offered  much  more  resistance  to  wear.  When  dry,  this  paint  was  not 
slippery;  but  it  did  scuff  rather  easily,  and  in  its  present  form  could 
not  be  considered  for  use  on  ship  decks. 

C.1.4. 3  Removal  of  Paint.  In  the  preliminary  tosts  on  the  YAG  39 
after  Shot  2,  it  was  found  that  the  1,250-gal/hr  hot -liquid- Jet  cleaning 
unit  removed  only  60  to  80  percent  of  the  water -emulsion  paint  from  the 
vertical  surfaces,  all  of  the  paint  could  be  removed  at  a  rate  of  approxi¬ 
mately  20  oq  ft/min  with  the  same  jet  unit. 

The  procedure  followed  in  the  decontamination  of  Section  3  of  XAG  40 
resulted  in  removal  of  approximately  95  percent  of  the  paint.  The  fire- 
hosing  operations  after  pre-treatment  with  dilute  caustic  removed  between 
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40  to  70  percent  of  the  paint,  with  95  percent  of  the  rest  being  removed 
by  the  hot-liquid-jet  operation.  The  total  operating  rate  for  the  com¬ 
plete  process  was  320  sq  ft/man-hr. 

The  water -emulsion  paint  made  it  possible  to  analyze  the  effective¬ 
ness  of  the  1,250-gal/hr  hot-liquid- jet  cleaning  unit.  It  was  observed 
that  this  jet  unit  made  a  path  only  1  to  lj  in.  wide  at  normal  distance 
from  the  surface.  When  operating  at  the  customary  speed,  a  zig-zag 
path  resulted,  with  only  approximately  25  percent  area  coverage.  It 
became  evident  from  these  tests  that  the  1,250-gal/hr  jet  with  the  nozzle 
used  is  inadequate  for  a  large-scale  paint-stripping  operation. 

C.l. 4. 4  Effectiveness.  A  summary  of  the  gamma  and  beta  reading 
before  and  after  decontamination  of  Section  3  of  the  YAG  40  after  Shot  2 
are  given  in  Table  C.l.  The  removal  of  the  water -emulsion  paint  showed 
a  reduction  in  gamma  level  of  from  60  to  90  percent  with  an  average  of 
78  percent.  The  beta  survey  showed  a  reduction  of  52  to  98  percent  with 
an  average  of  84  percent.  The  same  decontamination  process  on  an  adjacent 
unprotected  area  showed  a  reduction  of  50  to  60  percent  with  an  average 
of  55  percent  removal  of  the  contaminant. 

The  oil-base  protective  paint  which  could  not  be  removed,  was  found 
to  be  slightly  more  difficult  to  decontaminate  than  standard  Navy  paint. 
The  gamma  survey  showed  a  removal  of  49  percent  of  the  contaminant. 

It  is  believed  that  the  effectiveness  of  the  protective  coating 
could  be  increased  by  making  a  special  effort  to  avoid  recontamination 
during  the  decontamination  operation.  This  could  be  partially  accom¬ 
plished  by  wor  ing  from  the  cop  down  and  flushing  the  decontaminated 
surfaces  with  water  when  there  is  a  possibility  of  recontamination  from 
an  adjacent,  not -yet-decontaminated  area. 

In  removing  the  protective  coating  after  Shot  5,  the  repeated  appli¬ 
cations  of  caustic  soda  in  high  concentrations  removed  much  of  the  5H 
Haze  Gray  paint  and  even  some  of  the  red-lead  primer.  Such  severe  treat¬ 
ment  would  not  be  required  to  remove  the  protective  coating,  if  the  caus¬ 
tic  soda  could  have  been  retained  on  the  vertical  surfaces  long  enough 
to  react  with  the  coating.  The  rapid  runoff  made  necessary  repeated 
applications.;  higher  concentrations  were  used  in  hope  of  increasing  the 
removal  rate. 

The  removal  was  not  uniform  because  of  the  lack  of  control  over  the 
reaction.  In  some  places  all  of  the  paint,  including  Haze  Gray  and  red- 
lead  primer  was  stripped  to  the  bare  metal;  in  other  sports  parts  of  the 
protective  coating  remained.  It  is  believed  that  this  irregular  stripping 
lowered  the  decontamination  efficiency  because  of  the  extensive  recon¬ 
tamination,  as  well  as  the  faulty  removal. 

C.l. 5  Conclusions.  The  experimental  results  show  that  the  selected 
radiological  protective  coatings  tested  are  unsatisfactory  for  service 
use,  but  the  emulsion  coating  (Formula  S3o)  demonstrated  the  soundness 
of  the  tasic  theory  of  a  removable  protective  coating  in  the  decontamina¬ 
tion  of  a  ship. 

The  hot-liquid-  et  cleaning  unit  and  nozzle  combination  used  will 
give  adequate  coverage  when  ipe rating  at  the  required  distances  and 
desired  rate  of  surface  coverage. 

The  following  specific  conclusions  can  be  made  regarding  the  two 
paints  tested. 
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TABLE  C.l  RADIOLOGICAL  PROTECTIVE  C0ATING6 
SUMMARY  OE  DATA,  SHOT  2 
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Mare  Island  Formula  9QO. 

This  paint  can  only  be  removed  effectively  after  treatment  with  a 
mild  caustic  solution. 

A  total  of  90  to  95  percent  of  the  paint  is  removable  after  caustic 
treatment  at  a  nominal  rate  of  20  sq  ft/rain  and  will  remove  75  to  90 
percent  of  the  radioactive  contaminant  present. 

Sellers  Formula  X- 80593  Gray. 

This  paint  is  unsatisfactory  for  use  as  a  removable  protective 
coating,  because  it  is  no  easier  to  remove  than  standard  Navy  paint  and 
is  no  less  difficult  to  decontaminate. 

Caustic  Treatment. 

This  treatment  is  an  effective  method  of  stripping  paint  on  horizontal 
surfaces  and  also  on  vertical  surfaces  if  the  solution  can  be  retained  on 
the  surface  long  enough  to  react. 

C.1.6  Recommendations.  The  program  to  develop  a  removable  radio¬ 
logical-protective  coating  which  will  conform  to  the  following  specifi¬ 
cations  should  be  continued.  The  coating  should:  (l)  be  easily  applied 
over  Navy  116-5H  paint  system  by  either  brush  or  spray;  (2)  set  suffi¬ 
ciently  within  2  hr  after  application  that  it  will  be  unaffected  by  rain 
or  salt  water  spray  and  after  4  hr  be  sufficiently  set  on  horizontal 
surfaces  that  they  can  be  walked  on;  (3)  withstand  flushing  with  250  gpra 
of  water  at  a  distance  of  6  inches  and  a  nozzle  temperature  and  pressure 
of  l40°F  and  35  psi,  respectively;  (4)  withstand  radiant  heating  up  to 
temperatures  of  l4c°F  without  detectable  change;  (5)  be  removable  at  a 
rate  of  50  to  100  sq  ft/min  using  20  gpm  of  water  at  a  distance  of  6  to 
12  in.  and  a  nozzle  temperature  and  pressure  of  170°F  and  150  psig; 

(6)  withstand  normal  service  use  for  3  to  6  months;  (7)  fulfill  removal 
requirements  6  to  12  months  after  application;  and  (8)  permit  visual 
determination  of  the  progress  of  removal. 

A  protective  coating  system  that  involves  two  easily  removable 
coatings  and  is  applied  over  the  standard  Navy  paint  should  be  developed. 
The  top  layer  should  be  removable  with  a  stream  of  hot  water  and  the  lower 
layer  should  be  removed  with  a  special  solvent  or  weak  alkali  solution. 

It  is  conceivable  that  such  a  system  would  make  possible  to  95  percent 
removal,  after  which  the  ships  could  be  returned  to  a  shipyard  where  the 
second  protective  coating  could  be  rapidly  removed  in  the  industrial 
decontamination  operation. 

Studies  to  improve  the  effectiveness  of  the  hot-liquid-jet  cleaning 
\init  for  removing  hot-water-sensitive  coatings  should  be  started. 

Procedures  for  removal  of  standard  Navy  paint  with  viscous  or 
thickened  paint-stripping  solutions  should  be  developed. 


C .2  GAMMA -DOSE -RATE  CURVES 

Curves  showing  the  reduction  In  the  average  gamma  dose  rate  on  deck 
due  to  the  combined  effects  of  decontamination  and  decay  are  given  in 
Figures  C.3  through  C-5«  Ihe  end  points  of  the  curves  were  found  from 
initial  and  final  surveys  which  included  the  entire  ship.  Such  complete 
surveys  permitted  the  computation  of  the  mean  vaiue  from  the  sum  of  the 
individual  readings. 
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AVERAGE  GAMMA  DOSE  RATE  (MR/HR) 


TIME  A^TER  SHOT  l HR) 


Figure  C-5  Average  gamma  dose  rate  aboard  YAG  hO  as  a 
function  of  time  after  Shot  5- 

However,  it  was  not  always  possible  to  establish  the  value  of 
intermediate  points  on  the  curves  by  this  same  direct  method.  This  was 
due  to  the  fact  that  the  intermediate  surveys  covered  only  those  sections 
of  the  ship  selected  for  a  particular  decontamination  operation. 

C.2.1  Method  of  Determination.  To  compute  the  average  shipboard 
level  after  surveying  only  a  portion  of  the  deck,  it  was  necessary  to 
make  decay  corrections  to  the  readings  taken  from  the  rest  of  the  ship 
prior  to  decontamination.  A  theoretical  t_d.5  gamma-decay  law  was 
employed  in  adjusting  these  readings  to  a  common  time.  The  -1.5 
exponent  was  determined  from  data  collected  during  Operation  Castle 
(Reference  6). 

Because  of  the  Immediate  need  of  a  decay  law  in  processing  the  test 
data,  the  -1.5  exponent  was  offered  as  a  nominal  value  and  was  restricted 
to  the  interval  from  3  days  to  1 6  days  after  shot  time.  It  was  not 
expected  to  agree  exactly  with  the  final  value  reported  in  the  above 
references,  since  subsequent  corrections  increased  the  precision  of  the 
earlier  estimate. 

The  fact  that  the  t"^*5  qav  very  nearly  follows  the  decay  law 
observed  aboard  the  ships  is  borne  out  by  Figures  C.3  through  C.5.  The 
solid  curve  shown  in  each  of  those  figures  connects  points  which  have 
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been  adjusted  for  decay.  The  circled  points  show  average  shipboard 
levels  compiled  independently  by  Radiological  Safety  personnel  from 
separate  survey  data.  Although  these  values  need  no  decay  correction, 
the  circled  points  fall  extremely  close  to  the  decay-corrected  solid 
curve.  This  tends  to  substantiate  the  validity  of  the  f1#5  lav. 

Table  C.2  demonstrates  the  procedure  for  calculating  the  points  for 


TABLE  C.2  COMPUTATION  OP  THE  GAMMA  DECAY  CURVE  FOR 
THE  YAC  39  AFTER  SHOT  5 
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the  solid  curve  shown  in  Figure  C.4  for  YAG  39  after  Shot  5.  Totals  for 
the  initial  survey  at  76  hr  after  shot  time  are  shown.  Column  2  lists 
the  number  of  readings  taken  in  each  section,  and  Column  4  lists  the 
summation  of  these  measurements  within  each  section.  Confutation  of  a 
single  average  dose  rate  for  the  entire  ship  is  dependent  upon  uniformly 
distributed  survey  readings.  Therefore,  within  a  given  section  the  num¬ 
ber  of  readings  should  be  proportional  to  the  area  of  that  section.  Where 
this  was  not  the  case,  section  totals  in  Column  4  were  weighted  by  the 
ratio  of  number  of  stations  to  the  number  of  readings,  inasmuch  as  the 
station  density  over  the  whole  ship  vas  relatively  constant.  The  average 
shipboard  level  of  199  nir/hr  in  Column  6  was  found  by  dividing  the  total 
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count  for  the  whole  ship  by  the  total  number  of  stations  read. 

657^5/330  =  199  mr/hr. 

At  130  hr,  the  table  indicates  that  Sections  1,  4,  5,  and  6  have 
been  recently  decontaminated,  since  the  decay  factor  in  Column  3  for  each 
of  these  areas  is  unity. 

The  summation  of  readings  per  section  is  adjusted  in  Column  5  by 
multiplying  the  value  in  Column  4  by  the  number  of  available  survey 
stations  in  Column  1  and  dividing  by  the  number  of  readings  actually 
taken  in  Column  2.  For  Section  1  this  calculation  is 

47/37  (2564)  ,  3260. 

Readings  in  Sections  2  and  3  were  decayed  from  76  hr  to  130  hr  after 
shot  time,  since  these  two  areas  were  not  decontaminated  and  surveyed 
along  with  the  other  four  sections.  Values  in  Column  4  were  multiplied 
by  the  decay  factors  in  Column  3*  For  Section  2  the  calculation  is 

0.447  (11860)  =  5300 

The  corrected  summations  of  readings  for  each  section  were  then 
totaled  are  entered  in  Column  5«  This  was  in  turn  divided  by  the  number 
of  stations  to  obtain  the  average  shipboard  level  of  130  hours. 

27130/330  =  82  mr/hr. 

A  similar  procedure  was  followed  for  survey  times  of  154  hr  and 
179  hr,  and  the  values  are  shown  in  the  table. 


C.3  DETERMINATION  OF  CONFIDENCE  INTERVALS 


C.3.1  Method.  To  bracket  the  true  mean  values  of  initial  contami¬ 
nant  remaining,  the  95 -percent  confidence  limits  were  computed  from  the 
data  obtained  during  the  tactical  decontamination  studies  aboard  YAG  40 
after  Shot  2. 

These  limits  were  determined  in  the  customary  .manner  using  the 
equation: 

X  -  4-  ~  where 

~  n 

X  =  mean  value  of  samples 

s  r  an  unbiased  estimate  of  the  standard  deviation 

n  z  number  of  samples 

t  =  the  precentage  point  of  the  t  distribution  for  n-1 
degrees  of  freedom  and  for  0.05  confidence  level. 


The  value  of  s  in  the  above  equation  was  computed  by  the  technique  described 
(Reference  24).  Table  C.3  demonstrates  this  technique. 

Since  the  frequency  distribution  of  values  foi  percent  of  initial 
contamination  remaining  has  not  been  established,  it  weis  assumed  that  the 
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TABLE  C-3  PROCEDURE  "B"  ON  BOAT  DECK 


Colunn  Nunber  1 

2 

, 

4 

2 

6 

? 

6 

Identity  of 

Initial 

Final 

Colunn  3 

Max. 

Min. 

Range 

Sun  of 

Entry 

Contain. 

Contain, 

Resid'l 

Contain. 

Scrambled 

Ranges 

Day  and 

Time  of 

R*9 

1 

| 

Count 

1600 

1400 

Decay 

22  hrs 

Correction 

1.14 

Computation 

■ 

■ 

ESS 

(5)-(6)  (7) 

Station  No. 

361 

570 

300 

60 

48 

362 

230 

100 

50 

36 

368 

1040 

450 

49 

48 

80 

27 

53 

21 

369 

1250 

300 

27 

47 

421 

570 

400 

80 

27 

429 

360 

150 

48 

80 

432 

570 

250 

50 

46 

438 

1250 

400 

36 

45 

441 

970 

400 

47 

33 

449 

860 

350 

46 

31 

44 

452 

900 

350 

44 

50 

63 

19 

458 

2000 

800 

46 

46 

461 

905 

350 

44 

44 

464 

1040 

300 

33 

63 

466 

410 

70 

19 

J2 

469 

310 

125 

46 

5o 

472 

1100 

300 

31 

26 

475 

570 

135 

27 

49 

478 

410 

145 

4o 

49 

60 

26 

3*+ 

28 

491 

780 

175 

26 

27 

494 

1500 

650 

49 

50 

496 

630 

350 

48 

46 

422 

450 

250 

£ 

60 

23 

Total 

1009 

Mean 

43.6 

Group  Size(ft) 

Coefficient^ 

Sun  of  Ranges 

7 

0. 

112  x 

53  - 

5.94 

6 

!  0.122  x 

78  - 

Unbiased 

estimate 

of  Standard  Deviations ) 

m 

(a)  Coefficients  corresponding  to  the  proper  group  size  are  listed  in  appro¬ 
priate  tables  contained  in  reference  (2). 


sample  values  were  from  a  normal  population.  This  assumption,  although 
required  for  employing  the  "t"  distribution  in  computing  the  confidence 
limits,  did  not  preclude  the  existence  of  a  population  distribution 
other  than  normal.  However,  since  the  means  of  the  samples  from  most 
abnormal  distributions  tend  to  approximate  a  normal  distribution  for 
large  sample  sizes,  the  resultant  error,  if  any,  from  the  above  assump¬ 
tion  was  not  expected  to  be  significant. 
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c.4  daily  log  of  decontamination  operations 


Shot  2 
YAG  40 


Time 

after  Shot 

Time  of 

No. 

of 

Date 

Days 

Hours 

Day 

Men  Remarks 

4/2/54 

R+6 

147 

0930  (b) 

12 

Surveyed  Sections  1  and  2  prior  to  FH 
Surveyed  Section?  1  and  2  prior  to  HS'a) 

149 

1130 

HU  and  FH  flush 

153 

1530 

Surveyed  Sections  1  and  2 

4/3 

R*7 

172 

1030 

25 

Surveyed  Sections  5  and  6 

FH  Section  5  and  6s  ,  , 

Surveyed  Sections  5  and  6-HS'a'  and  FH 

176 

1430 

flushed  Sections  5  and  6s 

178 

1630 

Surveyed  Sections  5  and  6 

4/4 

r+8 

194 

0830 

23 

Surveyed  Sections  5  and  6  -  Applied 

C-120  then  HU  and  FH  flushed  Sections 

5  and  6D 

200 

1430 

Surveyed  Sections  5  and  6 

Men  transferred  to  protective  coating  studies  from  1400  of  4th  to  14(30  of  5th 


4/5 

R+9 

219 

224 

226 

0930 

1430 

1600 

25 

S;  .veyed  Section  4  (wheel  house) 
Applied  C-120  then  HU,  Hs(a)  and  HU 
Surveyed  Section  4 

4/6 

R+10 

242 

0830 

26 

HU-Hs(a)-HU  Section  4  (boat  deck) 
Hs(a)  and  FH  flushed  Section  4  (wheel 
house) 

Set  up  6000  gal  Sellers  unit  and 
turret  nozzle. 

4/6 

R+10 

247 

248 

1330 

1430 

26 

Surveyed  Sections  1,  2,  and  3 

Surveyed  Sections  4,  5  and  6 

6000  HUVa)  Section  1 

4/7 

R+ll 

267 

271 

0930 

1300 

24 

6000  Hu(a)  Section  2 

6000  HU  Section  3 

4/8 

R+12 

293 

1130 

19 

Finished  Sections  2  and  3 

Started  600u  KU'a'  Section  4 
(boat  deck) 

4/9 

R+13 

314 

0830 

21 

Finished  Section  4  (boat  deck) 

Surveyed  Sect iuns  1,  2 ,  3  and  4 
oOOO  HU'a)  Sections  5  and  6 


a)  C-120  detergent  added 

b)  Time 8  shown  are  averaged  to  nearest  half  hour. 
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Shot  2 

YAG  40  (Cont.) 


Remarks 


Date 

Time 

after  Shot 

Time  < 

Days 

Hours 

Day 

4/10/54 

R+l4 

338 

0830 

Shot  5 
YAG  39 

5/8 

Y+3 

7  6 

1000 

5/9 

Y+4 

99 

083C 

5/10 

Y+5 

123 

0830 

123 

0900 

130 

1600 

5/11 

Y+6 

146 

0800 

149 

1100 

151 

1300 

154 

1540 

5/12 

Y+7 

170 

0800 

179 

1630 

Shot  5 
YAG  40 

5/15 

Y-KL0 

244 

0930 

5/16 

Y+ll 

268 

269 

0900 

1030 

5/17 

Y+12 

290 

O830 

298 

1600 

No,  of 
Men 


Surveyed  Sections  5  and  6 


Initial  survey  prior  to  decon 

28  Small  HLj(a)  Section  4  and  6000  HLj(ft) 
Sections  5  and  6 


28  Surveyed  Sections  4,  5  and  6 

HS,  repeated  treatments  from  1st  pass 
and  FH  flushed  Sections  4,  5  and  6 
Surveyed  Sections  1,  4,  5  and  6 

28  HS(&),  6000  HLJ^  and  FH  flushed 
Section  5 
Surveyed  Section  5 

CS  and  6000  HLJva)  sections  1  and  HS 
plus  amfl.11  HLj(a) 

Section  3 

Surveyed  Sections  1  and  3 


28 


6000  HLj(a)  Section  2,  3  and  face  of 
superstructure,  .  . 

HS  and  small  HU'a'  aft  portion  of 


Section  1  ,  . 

CS,  small  HLJ'a'  and  FH  flushed 
Section  4  (wheel  house) 

Surveyed  Sections  1,  2,  3  and  4 
(wheel  house) 


Initial  Survey  prior  to  decon 

35  FH  Section  1,  2,  3/  4  and  l/2  of  5 
Surveyed  Sections  1,  2,  3*  and  5 
CS  and  FH  Section  1  and  4  (wheel  house) 

20  Surveyed  Section  1  and  4  (wheel  house) 
CS  and  FH  sections  2,  3 t  5*  6  and  4 
(boat  deck  including  port  bulkhead) 
Surveyed  Sections  2,  3#  5  and  6 
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Shot  5 

YAG  40  (Cont.) 


Time 

after  Shot 

Time  of 

No.  of 

Date 

Days 

Hours 

Day 

Men  Remarks 

5/18/5^ 

Y+13 

314 

O83O 

20  CS  and  FH  Section  3  (including  face  of 

superstructure  and  gun  tubs),  section 

4  (boat  deck) 

3 22 

1630  Surveyed  Sections  3  and  4 

5/19 

Y+l4 

338 

0830 

20  CS  and  FH  Section  4  (aft  portion  of 

boat  deck,  starboard  bulkhead  and 
gutters),  section  5  (bulwarks,  aft 

bulkhead  of  superstructure,  mast  house 
and  No.  4  hatch  combing),  Section  6 
(bulkheads  of  after  deckhouse).  CS  and 
6000  HLJva)  coop anionway s. 

Began  CS  and  FH  on  stack 

346 

1600 

Surveyed  all  but  wheel  house 

5/20 

Y+15 

362 

0830 

20  CS  and  FH  Sections  5  and  6,  Section 

3  (fwd  deck  house,  flying  bridge  and 

face  of  superstructure).  Section  4 
(stack  and  wheel  house),  and  ccmpanion- 
ways.  FH  flushed  Section  3  and 

companionways. 

369 

1530 

Surveyed  Sections  3,  4,  5  and  6 

5/21 

Y+l6 

386 

0900 

18  Resurfaced  boat  deck  and  FH  flushed 

393 

1500 

wood  chips  off  main  deck 

Surveyed  entire  ship. 

C.5  PHOTOGRAPHS 

Figures  C.6  through  C.l6  are  a  series  of  photographs  shoving  equipment 
and  various  phases  of  the  ship  decontamination  studies. 
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Figure  C.6  Forward  deck  area  and  flight  deck  as  seen  from 
bridge,  YAG  39-  Note  numbered  crosses  fixing  position  of 
monitoring  stations. 


li 


01* 


Figure  C.7  Boat  deck  aft  from  starboard  side,  YAG  39 
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Figure  C.10  Hose  team  washing  deck  of  YAG  UO  (Shot  2). 
Note  plastic  suits. 


Figure  C . 1 1  Drum  mounted  1250-gal/hr  sellers  unit  and 
hand  held  delivery  lance. 
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Figure  t.13  Turret  nozzle  used  in  conjunction  with  6. 00( 
gal/hr  Sellers  unit 
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Figure  C.lk  YAG  40  shaving  Mare  Island  Formula  98O 
protective  coating  on  decks  and  superstructures . 


Figure  C."l6  Tennant  floor  machine  and  hand  held  Aurand 


re e ur facing  ■tool. 


I 
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Appendix  0 

SUPPLEMENTARY  MATERIAL  ON  AIRCRAFT 
WASHDOWN  AND  DECONTAMINATION 


D. 1  CONSIDERATION  OF  SOME  FACTORS  AFFECTING  DECONTAMINATION  RESULTS 

There  are  a  number  of  uncontrollable  variables  that  should  be 
mentioned  in  discussing  the  decontamination  effectiveness  obtained 
from  these  tests.  These  variables  made  it  impossible  to  have  similar 
sets  of  conditions  for  all  tests  and  should  be  kept  in  mind  when  com¬ 
paring  results.  One  is  the  initial  level  of  contamination.  No  attempt 
has  been  made  to  compare  the  results  on  the  basis  of  high  or  lav  initial 
contamination.  However,  the  results  obtained  from  the  aircraft  on  the 
washdown  ship  are  considered  separately  from  the  results  obtained  from 
the  aircraft  on  the  nonwashdown  ship. 

A  second  variable  is  the  type  of  contaminant.  Although  all  the 
shots  were  water- surface  ones,  Shot  2  was  detonated  in  shallower  water, 
and  the  fallout  probably  contained  coral  or  bottom  material,  as  evidenced 
by  patches  of  a  white  chalky  substance  at  various  locations  on  ule  TAG 
1*0  aircraft.  It  is  not  known  whether  this  apparent  difference  in  the 
content  of  the  fallout  affected  its  ease  of  removal  or  the  effectiveness 
of  the  decontamination  methods. 

No  attempt  was  made  to  correlate  decontaminability  versus  time 
after  shot;  initial  decontamination  efforts  on  the  different  shots  were 
begun  at  cjh,  76,  and  123  hr  after  shot  time  (see  Table  D.9).  The  data 
from  this  project  did  not  indicate  whether  the  time  of  decontamination 
after  shot  affected  the  ability  to  remove  the  contaminant. 

On  some  days  the  beta  and  gamma  survey  readings  were  not  taken 
either  before  or  after  a  decontamination  effort.  In  these  cases  a 
number  was  obtained  by  taking  the  last  prior  reading  and  decaying  to 
the  proper  time  through  use  of  decay  curves.  If  the  missing  readings 
were  after  a  decontamination  effort,  the  numbers  were  obtained  by 
calculating  che  reverse  decay  from  the  following  day's  readings  prior 
to  decontamination. 

The  fixed  gamma  recorder,  with  its  station  in  the  cockpit  of  the 
aircraft,  was  started  before  any  decontamination  was  begun  and  was  run 
continuously  until  after  the  final  decontamination  was  completed.  This 
instrument  gave  a  complete  gamma  record  for  each  aircraft.  Only  the 
results  from  the  aircraft  aboard  the  YAG  after  Shots  2  and  5  were  plotted, 
because  the  level  of  activity  on  the  other  shots  was  too  low  to  warrant 
it . 

No  decay  allowance  was  calculated  for  the  initial  decontamination 
operation  on  each  aircraft,  except  in  data  from  the  fixed  gamma  recorder. 
For  all  decontamination  calculations  after  that,  the  proper  readings 
were  decayed  to  the  nearest  half  hour. 

The  full  extent  of  the  effects  of  the  weather  on  the  decontami¬ 
nation  efforts  is  not  known.  Nfony  showers  and  rainstorms  between  shot 
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times  and  the  completion  of  the  decontamination  efforts  undoubtedly 
washed  off  some  of  the  contaminant.  One  rainstorm  in  particular 
occurred  between  Shot  2  and  the  initial  decontamination  effort  and 
resulted  in  a  90-mr/hr  (about  10-percent)  reduction  in  dose  rate  on 
the  fixed  gamma  recorder.  The  percentage  of  contaminant  removed  was 
not  considered  sufficient  to  change  the  classification  of  aircraft  on 
the  YAG  40  after  Shot  2  from  Condition  A  to  Condition  B.  Other  showers 
occurred  before  and  between  aircraft  decontamination  procedures  but 
were  not  of  sufficient  intensity  or  duration  to  cause  an  easily  identi¬ 
fied  reduction  in  dose  rate  on  the  fixed  gamma  recordor. 

Other  variables  that  probably  affected  the  results  were  the 
personnel  taking  the  readings  and  the  survey  instruments  used.  Most 
of  the  monitors  were  sailors  who  had  been  given  a  few  hours  instruct¬ 
ion  in  a  standardized  technique  of  altering.  Undoubtedly,  some  may 
have  developed  different  techniques  with  the  survey  Instruments  which 
would  give  a  variation  in  the  readings.  Also,  since  the  survey  instru¬ 
ments  were  used  interchangeably  during  decontamination  operations,  eveD 
though  they  were  calibrated  periodically,  this  probably  introduced  a 
variable  in  the  readings. 

The  painted  surfaces  on  the  aircraft  were  generally  in  fair  to 
poor  condition.  The  aircraft  had  previously  been  in  service  and  were 
not  specially  painted  or  otherwise  prepared  for  this  operation.  How¬ 
ever,  they  had  been  treated  with  Type  C  preservative  before  being 
transported  to  the  site,  and  it  was  necessary  to  use  Gunk  to  remove 
this  preservative.  This  cleaning  with  Gunk  also  removed  the  oil,  grease, 
and  industrial  film  usually  found  on  operating  aircraft,  leaving  an 
unusually  clean  surface.  Ordinarily,  this  oil  and  grease  would  entrap 
a  larger  amount  of  contaminant  than  a  clean  surface,  but  the  oil  and 
grease  plus  the  contaminant  is  removed  by  decontamination. 

Thus,  the  poor  condition  of  the  paint  on  the  aircraft  was  more 
than  compensated  for  by  the  clean  surface,  and  the  decontamination 
results  should  be  more  effective  under  normal  operating  conditions. 

Ibis  conclusion  is  based  on  a  comparison  between  the  decontamination 
of  the  aircraft  surfaces  and  the  test  plates  with  new  unweathered 
surfaces,  which  indicated  that  fire  hosing  or  hot-liquid- jet  washing 
removed  about  the  same  percentage  of  contaminant  in  either  case  but 
that  scrubbing  with  detergent  or  Gunk  was  more  effective  on  the  test 
plates  than  on  the  aircraft. 


D. 2  COMPILATION  OF  FIELD  DATA 

D.2.I  Material  Damage.  Details  of  the  material  damage  inspection 
are  given  in  Tables  D.l  through  D.8. 

D.2.2  Washdown  Effectiveness.  This  section  includes  the  detailed 
InfornmtTon  (Figures  D.l  through  D.13)  at  early  times  (4  0)  of  both  the 
dose  and  the  dose  rate  that  was  used,  particularly  in  determining  the 
washdewr.  effectiveness.  The  information  is  corrected  for  the  contami¬ 
nation  ratios  described  in  Chapter  2  when  applicable. 
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TABLE  D.l  MATERIAL  DAMAGE  INSPECTION  PLAN  AND  RESULTS 


Ship  SAG  39  Plane  H 
Date  and  Time  of  Inspection 


Material  or  Area 


Engine  Turnup  Data  (Before)' 

1.  RFM  '  1800 

2.  Cylinder  Tesjjerature  200°C 

3.  Manifold  Pressure  2$  in. 

4.  Oil  Tesq?erature  65 °C 

5.  Fuel  Pressure  18  lb 

6.  011  Pressure  85  lb 

7.  Voltage  27  v 

8.  Hydraulic  pressure  1000  lb 

9«  Magneto  Dropoff 

A.  Left  30 

B.  Right  40 

Radio  checked  out. 


Engine  Turnup  Data  (After 
1.  similar  to  data  taken  (Before) 


Radio  checked  out 

Rust  vaa  evident  on  unpainted 
ferrous  metals  such  as  engine  studs 
and  vlng  locking  pin  housing. 
(Grease  vaa  removed  from  vlng  lock¬ 
ing  pin  housing  vhen  aircraft  vaa 
deprea erved. ) 


(a)  All  readings  taken  at  full-rich  position. 


TABLE  D.2  MATERIAL  DAMAGE  INSPECTION  PLAN  AND  RESULTS 


Material  or  Area 


Engine  Turnup  Data  (Before)^ 

1.  RPM  1000 

2.  Cylinder  Temperature  175°C 


3.  Manifold  Pressure 

4.  Oil  Temperature 

5.  Fuel  Pressure 

6.  Oil  Pressure 

7.  Voltage 

0.  Hydraulic  Pressure 
9.  Mtgneto  Urcpcff 
Left  85 
Right  90 


Radio  checked  out  before. 


27  in, 
850c 
16  lb 
88  lb 
27-26  v 
U00  lb 


Engine  Turnip  Data  (After  )W 
1.  Similar  to  data  taken  (Before) 
except  that  Cylinder  Temp,  vaa 
160°C. 

Radio  checked  out. 


Rust  vaa  evldert  on  \s9nlnted  ferrous 
metals  vuch  as  engine  studs  and  vlng 
locking  pin  housing.  (Grease  was 
removed  from  vlng  locking  pin  boue- 
ing  vhen  aircraft  via  depreaarved). 
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TABLE  D.3  MATERIAL  DAMAGE  INSPECTION  PLAN  AND  RESULTS 


Ship, _ TAG  39 _ Plano  No.  81724  Shot  2 

Date  and  Time  of  Inspection  9  Mar.  (Before)  and  29  Mar.  (After) 


Material  or  Area  Inspected  _ Findings 


Engine  Turnup  Date  (Before)^®) 
1.  Similar  to  da .a  taken 
(After)  Shot  1 


Radio  checked  out. 


Engine  Data  (After)^a) 

1.  Similar  to  data  taken  (Before) 
except  that: 

A.  Masneto  Dropoff  van: 

1.  Right  and  cut  out 

completely. 

2.  Left  60 

B.  Cylinder  heat  temperature 
gauge  was  out. 


2.  Plugs  on  front  bank  of  cylinders 
were  changed  and  the  Magneto 
dropoff  was: 

A.  Right  150-200  and  still  cut¬ 
out. 

B.  Left  60 

i  Radio  checked  out. 

I 

Excessive  water  noted  where  lead  goes 
into  plug. 


Rust  noted  on  main  engine  mount  in 
accessory  section. 

Rust  was  evident  on  unpalnted  ferrous 
metal  sp  noted  before. 


Corrosion  was  noted  on  wheel  rims 
( ins ide ) 


(a)  All  readings  taken  at  full-rich  position. 


TABLE  D.U  MATERIAL  DAMAGE  INSPECTION  PUN  AND  RESULTS 


Ship  TAG  40  Plane  Uo.  6l62l  Shot  2 

Date  and  time  of  Inspection  9  Mai-.  (Before)  and  29  Mar.  (After) 


Material 

or  Area  Inspected 

Find Inga 

Turnup 

Data  (Before )(*) 

Engine  Turnup  Lata  (After )^a) 

\  •  i3  imllar 

to  (lata  taken 

1.  Similar  to  data  taken  (Before) 

(After) 

Shot  1 

except  that  Magneto  dropoff 

vas: 

Radio  checked 

OUt  # 

1 

A.  Right  90 

B.  Left  00 

and  the  oil  temp .  gauge  was  out. 

fSuiio  checked  out. 

Rust  was  evident  ou  ferrous  aetala 
as  noted  before. 

(a)  All  readings  taken  at  full-rich  position. 
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TABLE  D.  •>  MATERIAL  DAMAGE  INSPECTION  PLAN  AND  RESULTS 


Ship  YA C  39  Plane  No.  61777  Shot  4 
Date  and  Time  of  Inspection  8  Apr.  (Before)  and  30  Apr.  (After) 


Material  or  Area  Inspected 

Findings 

Engine  Turnup  Data  (Before  )(*■) 

Engine  Turnup  Data  (After)^a) 

1.  RFM 

1800 

1.  Similar  to  data  taken  (Before) 

2.  Cylinder  Temperature 

190°C 

except  that: 

3.  Manifold  Pressure 

27  In. 

A.  Cylinder  head  temp,  gauge 

4.  Oil  Temperature 

80°C 

needle  oscillates  at 

5.  Fuel  Pressure 

16  lb 

140-150°C. 

6.  Oil  Pressure 

75  lb 

B.  Magneto  Dropoff 

7.  Voltage 

28  v 

1.  Left  65 

8.  Hydraulic  Pressure 

9.  Magneto  Dropoff: 

1100  lb 

2.  Right  35 

A.  Left  30 

B.  Right  40 

Radio  checked  out. 

Wing  locking  pin  housings  vere  In 

Radio  checkeu  out. 

same  condition  as  before  the  test. 
They  vere  packed  vith  grease  before 
the  test. 

(a)  All  readings  taken  at  full-rich  position. 


TABLE  D.6  MATERIAL  DAMAGE  INSPECTION  PLAN  AND  RESULTS 


Ship  TAG  3Q  Plane  No.  61777  Shot  5 
Date  and  Time  of  Inspection  30  April  (Before)  and  7  Hay  (After) 


Material  or  Area  Inspected  _ Findings 


Engine  Turnup  Data  (Before)^*) 

Engine  Turnup  Data  (After 

)(•) 

1.  RPM 

1800 

1.  KFM 

1800 

2.  Cylinder  Temperature 

I90°c 

2.  Cylinder  Temperature 

190°C 

3.  Manifold  Pressure 

26  ln« 

3.  Manifold  Pressure 

25  in. 

4.  Oil  Pressure 

75°C 

4.  oil  T«g>erature 

75°C 

5.  Fuel  Pressure 

16  lb 

5.  Fuel  Pressure 

16  lb 

6.  Oil  Pressure 

80  lb 

6.  Oil  Pressure 

00  lb 

7.  Voltage 

27  v 

7*  Voltage  Gauge  Out 

8.  Hydraulic  Pressure 

1100  lb 

8.  Hydraulic  Pressure  1100  lb 

9.  Magneto  Dropoff 

9*  Magneto  Dropoff 

A,  Left  40 

A.  Left  75-35 

B.  Right  50 

B.  Right  100  and  cuts  out. 

Radio  checked  out. 

Radio  checked  out. 

Rust  vas  evident  on  unpainted 
ferrous  aetals. 

Wing  locking  pin  housings  vere  In 
same  condition  as  before  the  test. 
They  vere  packed  viuh  grease  before 
the  test. 


(a)  All  readings  taken  at  full-rich  position. 


< 
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TABLE  D.7  MATERIAL  DAMAGE  DBPSCTIOH  PLA*  AKD  RESULTS 


Ship  TAG  HO  Plane  Ho.  62022  Shot  k 
Date  and  Ties  of  Inspection  8  Apr.  (Before)  an?  2  May  (After) 


Material  or  Area  Inspected 

Findings 

Engine  Turnup  Data  ( Before )(a) 

Engine  Turnup  Data  (After)(*) 

1.  RPN 

1800 

1.  Similar  to  data  taken  (Before) 

2.  Cylinder  Temp.  guage 

except  that  the  left  eagneto 

o«cillat*«  *t  IkQ-r/PC 

vas  rough. 

3>  Manifold  Pressure 

27  In. 

U,  Oil  Temperature 

80°C 

5.  fuel  Pressure 

16  lb 

6.  011  Pressure 

75  lb 

7.  Voltage 

28  v 

8.  Hydraulic  Pressure 

1100  lb 

9.  Magneto  Dropoff 

A.  Left  65 

B.  Right  85 

Radio  checked  out. 

(a)  All  readings  taken  at  full-rich  position. 


TABLE  D.8  MATERIAL  DAMAGE  IHSPETTIOH  PLAN  AMD  RESUT  "S 


Ship  TAG  4c  Plane  Mo.  62022  Shot  5 
Date  and  Time  oftnapection  2  May~  (Before)  and  lH  (fay  (After) 


Material  or  Area  Inspected 
Engine  Turnup  Data  (Before )(a) 


1.  RFM  1800 

2.  Cylinder  Temperature  190°C 

3.  Manifold  Pressure  25  in, 

U.  Oil  Temperature  75°C 

5.  Fuel  Preseure  16  lb 

6.  011  PrcBsure  80  lb 

7.  Voltage  Gauge  out 

8.  Hydraulic  Pressure  1100  lb 
9-  Magneto  Dropoff 

A.  Left  7>-89 


B.  Right  100  and  cut*  out 

Radio  checked  out. 

Rust  vn»  evident  or.  unpainted 
ferroua  metal*. 

Wing  locking  pin  housing*  vere  in 
the  * lame  con-i'  Ion  as  before 
Sb  "  *  .  They  vere  packed 

vlth  grease  before  the  test. 


Findings _ _____ 

Engine  Turnup  Data  (After)^a) 


1.  RPW  2000 

2.  Cylinder  Tespemture  150°C 

3.  Manifold  Pressure  27  in. 

H.  Oil  Tesqperature  650c 

5.  Fuel  Pressure  16  lb 

6.  Oil  Pressure  78  lb 

7 .  Voltage  Gauge  out 

8.  Hydraulic  Pressure  1100  lb 

9.  Magneto  Dropoff 

A.  Left  Cut  out 

B.  Right  Cut  out 


jHad.o  checked  out. 

|  Rust  vas  evident  on  uj^ainled 
j  ferrous  aetals. 

'Corrosion  vu  evident  oc  the 
i magnesias  vheel*.  Mo  damage  vas 
j  evident  on  the  locking  pin 

|  housings. 


(a)  All  readings  taken  at  full-,  .ch  position. 
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Figure  D.7  Gamma  dose  rates  at  fixed  gamma  stations  aboard 
YAG  40  after  Shot  k. 


Figure  D.8  Gama  doses  at  fixed  stations  aboard  ship  after 
Shot  % 

372 


CONFIDENTIAL 


y 


includes  not  only  decontamination  operations,  decontamination  effective¬ 
ness,  and  time  and  manpower  data  but  also  the  estimated  materials 
requirements  for  the  various  decontamination  processes  used  in  this 
test. 

Figures  D.l4  through  D.17  give  the  flow  charts  and  basic  equipment 
and  materials  requirement  for  the  decontamination  processes  used. 

Figure  D.15  shows  the  portable  pump  used  with  the  decontamination  by 
firehosing  at  100  psig.  Table  D.9  gives  the  decontamination  sequences 
and  time  after  shot  for  all  the  decontamination  operations.  Figures 
0.18  through  D.29  are  graphic  representations  of  the  decontamination 
effectiveness  of  the  aircraft  operations.  Table  D.10  is  a  comparison 
of  decontamination  effectiveness  results  from  the  aircraft  and  test 
plates.  Table  D.ll  is  a  comparison  of  the  decontamination  effectiveness 
of  the  average  garam  survey  meter  readings  versus  a  high  initial  read¬ 
ing  and  a  low  initial  reading.  Table  D.12  is  the  detailed  time  and 
manpower  studies  for  the  decontamination  operations. 

D.2.3-1  Estimated  Material  Requirements  for  the  Different  Decon¬ 
tamination  Processes. 

1.  Firehosing,  salt  water 

a.  Single  nozzle 

100  gpm  or  6  'X)  gal/hr 
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b.  Two  nozzles 

200  gpm  or  12,000  gal/hr 

2A  Hot  liquid  jet  with  salt  vater,  base  rate 

a.  Salt  water  to  unit,  850  gal/hr 

b.  Fresh  water  (steam  generation,  100  gal/hr) 

c.  Salt  water  (detergent  solution)  50  gal/hr 

d.  Detergent  (C-120)  100  lb/hr  while  washing 

2B.  Hot  liquid  jet  with  salt  water,  estimated  amount  used  per  hour 
for  hot  liquid  jet  only,  no  scrubbing  (50  percent  detergent, 

50  percent  rinse) 

a.  Salt  water  to  unit,  850  gal/hr 

b.  Fresh  water  (steam  generation)  100  gal/hr 

c.  Salt  water  (detergent  solution)  25  gal/hr 

d.  Detergent  (C-120),  50  lb/hr 

e.  Totals,  Salt  water,  875  gal/hr 

Fresh  water  (steam),  100  gal/hr 
Detergent  (C-120),  50  lb /hr 

3A.  Hot- liquid  jet  with  fresh  water,  base  rate 

a.  Fresh  water  to  unit,  85O  gal/hr 

b.  Fresh  water  (steam  generation)  100  gal/hr 

c.  Fresh  water  (detergent  solution)  50  gal/hr 

d.  Detergent  (C-12C)  100  lb/hr  while  washing 

e.  Total,  fresh  vater,  975  gal/hr 

detergent  (C-120),  50  lb/hr 

kA.  Single  scrub,  with  hot- liquid- jet  fresh-water  rinse, 
base  rate. 

a.  Fresh  water  to  unit,  850  gal/hr 

b.  Fresh  water  (steam  generation),  100  gal/hr 

c.  Fresh  water  (detergent  solution),  100  gal/hr 

d.  Detergent  (C-120),  200  lb/hr 
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4b.  Single  scrub,  with  hot  liquid  Jet  fresh  water  rinse,  estimated 
amounts  used  per  hour.  Patio  70  percent  scrubbing,  30  percent 
rinse. 

a.  Fresh  water  to  unit,  255  gal/hr 

b.  Freeh  water  (steam  generation)  30  gal/hr 

c.  Fresh  water  (detergent  solution),  70  gal/hr 

d.  Detergent  (C-120),  140  lb /hr 

e.  Totals,  fresh  water,  355  gal/hr 

detergent,  40  lb/hr 

5A.  Single  scrub  with  hot- liquid- jet  salt-water  rinse,  base  rate 


a.  Salt  water  to  unit,  850  gal/hr 

b.  Fresh  water  (steam  generation),  100  gal/hr 

c.  Salt  water  (detergent  solution),  100  gal/hr 

d.  Detergent  (C-120),  200  lb/hr 

5B.  Single  scrub,  with  hot  liquid  jet  salt  water  rinse,  estimated 
amounts  used  per  hour.  Patio,  70  percent  scrubbing,  30  per¬ 
cent  rinsing. 

a.  Fresh  water  (steam  generation),  30  gal/hr 

b.  Salt  water  (hot  liquid  Jet),  255  gal/hr 

c.  Salt  water  (detergent  solution),  70  gal/hr 

d.  Detergent  (C-120),  140  lb/hr 

e.  Total,  Fresh  water,  30  gal/hr 

Salt  water,  325  gal/hr 
Detergent,  140  lb/hr 

6a.  Single  scrub,  with  Gunk,  followed  by  hot- liquid- jet  fresh¬ 
water-  with-  detergent  rinse,  followed  by  clear  hot- liquid- Jet 
fresh- water  rinse,  base  rates. 

a.  Gunk,  Spraying,  30  gal/hr 

Scrubbing,  10  gal/hr 

b.  Kerosene,  Spraying,  240  gal/hr 

Scrubbing,  80  gal/hr 


377 


CONFIDENTIAL 


c.  Fresh  water  (to  unit),  BjjO  gal/hr 

d.  Fresh  water  (steam  generation),  100  gal/hr 

e.  Fresh  water  (detergent  solution),  j>0  gal/hr 

f.  Detergent  (C-120),  100  lb/hr  while  washing 

6b.  Single  scrub,  with  Gunk,  followed  by  hot-liquid-jet  fresh- 
water-with-detergent  rinse,  followed  by  clear  hot- liquid-. jet 
fresh-water  rinse.  Estimated  10  percent  spraying  Gunk,  60 
percent  scrubbing,  15  percent  detergent  rinse,  15  percent  clear 
fresh  rinse. 

a.  Gunk,  Spraying,  3  gal/hr 
Scrubbing,  1  gal/hr 

TABLE  D.9  DECONTAMINATION  SEQUENCES  AT  VARIOUS  TIMES  AFTER  SHCTS 


Decani  Shot  2  Shot  4  Shot  I*  Shot  5  Shot  5 

Nunber  IAC  40  'ZAP  39  YAP  40  YAG  39  TAG  40 


1 

Fire  Ho«e 

Scrub  vith 
detergent 

Hot-1 lquid 
Jet 

Hot -liquid 
Jet 

Hot -liquid 

Jet 

Time  after 
Shot 

124-126  1/2 

54-57  hrn 

123-124  hri 

77-79  hrs 

76-79  hra 

2 

Fire  hose 

Scrub  vith 
detergent 

Scrub  vith 
detergent 

Scrub  vith 
detergent 

1  Scrub  vith 
detergent 

Time  after 
Shot 

;i26  1/2-129 

77-ai 

124-128 

103-105 

79-82 

3 

Hot -liquid 
Jet 

Scrub  vith 
detergent 

I 

Scrub  vith 
detergent 

Scrub  vith 
detergent 

Time  after 
Shot 

147-154 

128-130 

125-130 

99-105 

4 

Scrub  vith 
detergent 

Scrub  vith 
detergent 

Time  after 
Shot 

173-176 

122-129 

5 

Scrub  vith 
detergent 

Scrub  vith 

Gunk 

Time  after 
Shot 

194-197 

148-151 

t> 

Scrub  vith 
detergent 

Scrub  vith 

Gunk 

Time  after 

Shot 

197-201 

170-173 

7 

Scrub  vith 
Gunk 

Time  after 
Shot 

210-221 

1  Time  after  shot  Indicate  a  time  a  when 

I  monitoring  Burveya  vere  made  before 

a 

Scrub  vith 
Gunk 

and  after  decontamination. 

Time  after 
Shat 

221-224 

1 
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TABLE  D. 10  COMPARISON  OF  DECONTAMINATION  EFFECTIVENESS  BESULTS  FBOM  A IBCBAFT  AND  TEST  FLATES 

BASED  ON  GAMMA  SURVEY 


1st  Decontamination 

2nd  Decontamination 

3rd  Decontamination 

$  of  original 

contamination 

removed  by 
this  decon. 

56  of  previous 

contamination 

removed  by 
this  decon. 

%  of  original 
contamination 
remaining 
after  this 
decon. 

Decon. Method 

Firehoee  at  100  lb/aq  in 

Firehoae  at  100  lb/sq  in 

Hot  Liquid  Jet 

Shot  2  Aircraft 

36 

64 

26 

49 

27 

4b 

TAG  40 

Test  Plate t, 

35 

65 

30 _ 

46 

- 

- 

Decon.Method 

Hot  Liquid  Je 

t 

Scrub  with  Detergent 

Scrub  with  Detergent 

Shot  4  Aircraft 

23 

77 

39 

50 

■MHH 

44 

TAG  40 

Test  Plates 

29 

71 

50 _ 

35 _ 

36 

Hot  Liquid  Jet 

Test  Plates 

26 

Th _ 

_  -i 

75  j 

37 

Decon  .Method 

Firehoae  at  20  lb/oq  in 

Firehose  at  20  lb/eq  in 

Scrub  with  Detergent 

'rest  Plates 

o 

d 

92 

* 

88 

54 

40 

Decon.Method 

Hot  Liquid  Je 

Scrub  with 

letergent 

Shot  5  Aircraft 

32 

68 

37 

46 

14 

42 

TAG  40 

2  Hot  Liquid 

Jets 

Test  Plates 

06 

_ 'ih. _ 

76 _ 

18 

21 

14  _ 

Decon.Method 

2  Firehoainga  at  100  lb/ 

Scrub  with  Detergent 

Scrub  with  Detergent 

sq  in 

Test  Plate 

_ ^5 

85 

_ _ 

21 

52 

10 

TABLE  D.  11  DECONTAMINATION  EFFECTIVENESS  -  COMPABISON  OF  AVERAGE  TiB  BEADING  FOB  AIRCRAFT  ABOARD 
TAG  1*0  AFTER  SHOT  ?  VERSUS  LOCATION  40  (HIGH  INITIAL)  VERSUS  LOCATION  20  (LOW  INITIAL) 


e  TIB  Head: 


a  at  Location~4b 


Readings  at  Location  20 


379 


CONFIDENTIAL 


Arr  is  obtained.  by  dividing  by  3  1  n  ox  tie  vu  u»ed  an  the  first 

ar*d  2  noxtles  verr  used  on  the  second  va*n. 

RL7  stand*  for  hot -liquid  Jet. 
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»0 


I _ 

120 


130 


-i— 

140 


_ I  . J - 1 - 

150  160  170  180  «90  200  210 

TIME  AFTER  SHOT  (HR) 


Figure  D.lB  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  kO  after 
Shot  2* 
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Ml  NATION  (MR/HR 


CONFIDENTIAL 


AVERAGE  GAMMA  CONTAMINATION  (MR/HR)  AVERAGE  BETA  CONTAMINATION  (Jj  A) 


Figure  D.20  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  39  after 
Shot  4. 
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AVERAGE  GAMMA  CONTAMINATION*  (MR/H  Rj  AVERAGE  BETA  CONTAMINATION  -  ()J  A) 


SB 


(Note  larger  scale) 
DECONTAMINATION 


CALCULATED  VALUES  * 
(NOT  ACTUAL  READINGS) 


60  65  70  75  80  85  90  95  100  105  110 

TIME  AFTER  SHOT  (HR) 


Figure  D.21  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  39  after 
Shot  4. 
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AVERAGE  GAMMA  CONTAMINATION  (MR/HR)  AVERAGE  BETA  CONTAMINATION 
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Figure  D.22  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  fcO  after 
Shot  If. 
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AVERAGE  SETA  CONTAMINATION  (JJA) 


TIME  AFTER  SHOT  (HR) 


Pigure  D.23  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  40  after 
Shot  4. 
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AVERAGE  GAMMA  CONTAMINATION  -(MR/HR) 


300 


Figure  D.24  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  40  after 
Shot  4. 
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AVERAGE  GAMMA  CONTAMINATION  (MR/HR)  AVERAGE  SETA  CONTAMINATION  (JlAl 
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Figure  D.25  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  39  after 
Shot  5« 
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AVERAGE  BETA  CONTAMINATION  -  Ip  A) 


TIME  AFTER  SHOT  [HR) 


Figure  D.2 6  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  39  after 
Shot  5. 
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AVERAGE  GAMMA  CONTAMINATION  -  (MR/HR) 


Figure  D.27  Decontamination  effectiveness  for  all 
operations  on  the  aircraft  aboard  the  YAG  39  after 
Shot  5» 
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AVERAGE  BETA  CONTAMINATION  tyiA) 
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b.  Kerosene,  Spraying,  24  gai/hr 

Scrubbing,  8  gel /hr 

c.  Fresh  water  to  unit,  255  gal/hr 

d.  Fresh  water  (steam  generation),  30  gel/hr 

e.  Fresh  water  (detergent  solution).  8  gal/hr 

f.  Detergent  (C-120),  15  lb/hr 

g.  Totals,  Gunk,  4  gal/hr 

Kerosene,  32  gal/hr 
Freeh  water,  293  gal/hr 
Detergent  (C-120),  15  lb/hr 

P.2.4  Comparison  of  Beta  and  Gamma  Data.  Gamma  readings  were 
taken  with  a  fixed  gamma  recorder  and  with  the  gamma  survey  instruments. 

A  comparison  of  the  results  of  the  decontamination  of  the  aircraft  on 
the  YAG  40  after  Shots  2  and  5  obtained  by  theee  two  methods  are  given 
in  Figures  D.30  and  D.31*  With  the  exception  of  the  first  decontamina¬ 
tion  on  the  aircraft  after  Shot  2,  the  results  obtained  by  these  two 
methods  correspond  reasonably  close  through  the  entire  decontamination 
efforts. 

The  close  check  of  the  results  percentage-wise  from  the  gamma- 
survey  instruments  and  the  fixed  gamma  recorder  shows  that  either 
method  gives  reliable  and  reproducible  results,  it  muat  be  remembered 
that  the  gamma- survey- instrument  readings  are  the  average  of  50  or  more 
individual  readings  taken  all  over  the  aircraft  eurface,  while  the  fixed 
gamma  recorder  data  were  obtained  from  a  single  instrument,  located  in 
the  cockpit  of  the  aircraft,  which  transmitted  the  data  to  the  recorder 
located  in  the  tent . 

The  discrepancy  in  beta  and  gamma  percentage  removal  led  to  a 
further  investigation  cf  the  ratio  of  beta  survey  readings  in  micro¬ 
curies  divided  by  the  gamnr.  ourvey  leadings  in  imlliroentgen  per  hour. 

The  test  plate  data  from  Shots  4  and  5  vere  used  in  this  study 
because  the  gamma  readings  did  not  have  the  high  background  readings  as 
was  the  case  with  gamma  reauings  taken  on  the  aircraft.  The  data  in¬ 
dicate  that  beta  and  gamma  ere  removed  at  about  the  same  percentage 
rate  when  the  decontamination  method  is  f 'rehosing  or  washing  with  the 
hot- liquid  jet.  When  the  decontamination  method  is  scrubbing  with  deter¬ 
gent  or  Gunk,  the  percentage  of  beta  contaminant  removed  is  greater  than 
the  percentage  of  gamma  contaminant  removed  (see  Tables  D.13  and  D.l4 
and  Figures  D.j2  tnrougn  D.3b). 

D.2.5  Contamination  Distribution.  Beta  surveys  were  made  on  the 
aircraft  aboard  the  YAG  4o  after  Shot3  2  and  5  to  deteiair*  the  contami¬ 
nation  distribution.  See  Tables  D.lp  through  D.lf. 

The  exact  location  of  each  monitoring  location  fs  shown  on  the 
aircraft  diagrams.  Figures  T>.  37  and  D-38.  The  numbers  which  are  under¬ 
lined  were  used  only  on  the  aircraft  aboard  tr.e  Y4G  -+0  after  Shot  to 
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designate  monitoring  locations  for  the  initial  beta  and  gamma  survey 
while  the  aircraft  was  still  on  the  ship.  Numbers  not  underlined 
indicate  the  monitoring  locations  for  the  detailed  surveys  which  were 
taken  after  both  Shots  2  and  5* 


TABLE  D.13  BETA  TO  GAMMA  RATIOS  'a'  FOP  TEST  PIATES  OR  TAG  40  AFTER  SHOT  4 


Ganna 

Patio 
Ave 


Decon 

Process 


Hot  Liquid  Jet 
Salt  Water 


Fire  Hoae 
at  20  psi 


Decon 

Process 


Hot  Liquid  Jet 


Process 


Beta 

Game. 

Hatio 


Scrubbing  with 
Salt  Water  Pdr.se 


32 

l*o 

1*2 

16.4 

16.2 

16.4 

1.95 

2.47 

_ g-JL- 

2.56 

Fire  Hose 
at  20  psi 


123 

34.0 

3.61 

4.12 


Scrubbing  vlth 
Salt  Water  Rinse 


29 

15.6 

1.06 

2.40 


Hot  Liquid  Jet 
Salt  Water 


113 

26.0 

4.04 


Scrubbing  with 
Salt  Water  Rlnae 


(a)  Ratio  of  Beta  (nc)/Gamna  (mr/hr). 

TAF!.‘  n.iu  BFTA  TO  GAMMA  PANTOS  (a>  FROM  TEST  PLAT.'  ON  YAG  40  AFTER  SHOT 


7800 

6000 

1J60 

1620 

3.98 

3.70 

Decou.  Hot  L 

Process  SW 


Beta  ! 5300 
Ganna  1 1370 
Ratio  3-0f 


i ire  Hoee  at 
100  psi 


5500  4000  3700  3400 

1440  12(0  1500  1460 

3.82  3*18  2.47  2.32 

2.66 


Liq^iiij.  Jet 


3500 

1280 

2.74 


TOBIX  D.15  BTJ*  COKTAKIHATiaH  DISTOIBUTICII  AHTR  SHOT  2 


Monitoring  Location 

Position 

Reading 

_ UU _ - 

Prop. 

1 

Engine 

2 

1,500 

Eng.  flcwl  S 

3 

7,000 

Air  Cooler 

4 

6,000 

L.  Wing  S 

5 

9,000 

L.  Wing  S 

6 

Stub  Wing  S. 

7 

S.  Fuselage  S 

8 

Ver.  Stab.  S. 

9 

5,750 

Hot.  Stab.  S 

10 

5,750 

Hot.  Stab.  S 

11 

3,000 

Bor.  Stab.  1 

12 

1,000 

Bor.  Stab.  P 

13 

1,000 

Ver.  Stab.  P 

14 

1,500 

S.  Fusel.  P. 

15 

Stub  Wing  P. 

16 

1,000 

L.  Wing  P. 

17 

1,000 

L.  Wing  P. 

16 

1,000 

Air  Cooler  P. 

IS 

Eng.  Coal.  P. 

20 

500 

TABU  D.16  Br»  COHTAMIHATIC*  DISTRIBUTI9I  AFTEF  fHCT  2 


Monitoring  Location 

Position 

Reading 

(»*) 

Prop. 

i 

10,500 

Engine  S. 

2 

1,500 

Engine  S. 

3 

11,000 

U#  Cowl.  Sa 

4 

10,500 

La  C9rla  Sa 

5 

4,000 

Exh.  Sa 

6 

Tire  S. 

7 

2,500 

U.  Wing  S.O. 

a 

8,000 

U.  Wing  S.O. 

9 

14,500 

L.  Wing  S.O. 

10 

15,000 

L.  Wing  S.O. 

n 

11,000 

Wing  Root  S. 

12 

St.  Wing  S. 

13 

St.  Wing  S. 

14 

U.  Wing  S.I. 

15 

1,000 

U.  Wing  S.I. 

16 

500 

L.  Wing  S.I. 

17 

1,000 

L.  Wing  S.I. 

18 

T.  Fusel. 

19 

2,000 

Sa  rued.  Sa 

20 

3,000 

S.  Fusel,  s. 

21 

8,500 

Tail  Wheel  S. 

22 

1,000 

Vert.  Stab.  S. 

23 

10,500 

Verta  Stab.  Sa 

24 

12,000 

Hor.  Stab.  S.  Top 

25 

Her.  Stab.  S.  Top 

26 

3,000 

Hor.  Stab.  S.  Uhder 

27 

500 

Ror,  Stab.  P.  Top 

26 

2,000 

Hor.  Stab.  P.  Under 

29 

500 

Hor.  Stab.  P.  Top 

30 

i,oc: 

Ver.  Stab.  P. 

31 

4,750 

Ver,  Stab.  P. 

32 

1,000 

S.  Fusel.  P. 

33 

750) 

T.  Fusel.  ?. 

34 

1,  00 

B.  Fusel.  ?. 

35 

T.  Fusel.  P.  For. 

3b 

500 

Stub  Wing  P. 

37 

500 

Stub  Wing  P. 

33 

50C 

U.  Wing.  P.I. 

39 

II.  Wing  p.:. 

40 

20,000  oil'  scsle 

Wing.  Pal. 

41 

2,000 

L.  Wing  P.I. 

42 

Wing  Moot  P. 

4J 

1,000 

U.  Wing  P.0. 

44 

U.  Wing  P.U. 

45 

1,000 

U.  Wing  P.U. 

4o 

750 

U.  Wing  P.0. 

47 

750 

EJCha  P. 

46 

Tire  Port 

49 

1,000 

U.  Ccvl.  Port. 

50 

500 

L .  0<*/l .  Port 

51 

500 

ncgi.-ic  Port 

52 

2,50 

hr-g  inc  Pc-rt 

53 

1,000 
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TABLE  D.  17  BETA  CONTAMINATION  DISTRIBUTION  AFTER  SHOT  5 


Monitoring  Location^*) 

Poaltion 

Reading 

IfK) 

let  Piopellor  Blade-Par < 

1 

10,750 

2nd  Propc-llor  Blade-Alt. 

la 

1,025 

Engine-For.  Star. 

2 

2,500 

Englne-For.  Star. 

3 

8,000 

Eng.  Cowl.  Upper-Star. 

4 

3-l>0 

JSig.  Ccwl.  Lower-Star. 

5 

3,000 

Exhau* t- Starboard 

6 

3,000 

Tire- -Star. 

7 

4,500 

Wing- Upper  star.  Out. 

8 

2,225 

Wing-Upper  Star.  Out. 

2,250 

Wlng-Lower-Star,  Out. 

IJHjfl  . 

2,000 

Wing-Lower-Star.  Out. 

2,750 

Wing  Root-Star. 

■2 

Stub  Wing- Star. 

13 

Stub  Wing-Star. 

Ik 

mm.  Ewlfliti 

Wing  Upper  Star.  In. 

lj 

1,150 

Wing  Upper  Star.  In. 

lo 

2,750 

Wing  Lower  Star.  In, 

17 

1,100 

Wing  Lower  Star.  In. 

18 

1,650 

Fuael.  Upper-Star-Upper 

19 

1,850 

Fusel.  Mid.  Star.  Aft. 

2C 

950 

Fuael.  Mid.  Star.  Aft 

21 

1,125 

Tall  Wheel-Star. 

22 

700 

Vent.  Stab.  Star. 

23 

1,125 

Vent.  Stab.  Star. 

24 

775 

Her,  Stab.  Star.  Top. 

25 

3,ioo 

Bor.  Stab.  Star.  Top. 

26 

1,675 

Hor.  Stab.  Star.  (Aider 

27 

475 

Hor.  Stab.  Part  Top 

28 

1,650 

Hor.  Stab.  Part  Ubder 

29 

1,350 

Hor.  Stab.  Part  Top 

30 

4,750 

Vert.  Stab.  Port 

31 

1,100 

Vert.  Stab.  Port 

32 

1,300 

Fuael.  Mid-Port-Aft 

33 

1,700 

Fuael.  Upper-Port-Aft 

34 

1,750 

Fuael.  Lower-Port-Aft 

35 

1,600 

Fuael-lpper-Port-For. 

36 

2,250 

Stub  Wing-Part 

37 

3,500 

Stub  Wing-Port 

38 

3,000 

Wing-Upper-Part-In. 

39 

350 

Wing- Upper- Port- La. 

40 

775 

Wlng-Lcwer-  Port- In. 

4l 

325 

Wing- Lower- Port- In, 

42 

575 

Wing  Root  Port 

43 

900 

Wlng-H>per- Port-Out . 

44 

6,750 

Wlng-l£per-Port-Gut. 

45 

3,750 

Wing- Lower- Port-Out . 

46 

5,250 

W  lng- Lowe  r- Port-Out . 

47 

3,250 

Exhaust  Port 

48 

4,000 

Tire-Port 

49 

1,300 

Engine  Ccnfl-Upper-Port 

50 

3,000 

Qaglne  Cowl-Lower-Port 

51 

1,450 

Englne-For.  Port 

52 

Ll,00i 

Engine-Far.  Part 

53 

5,250 

(a)  See  Airplane  Diagrams  Tor  more  detail*. 
Reading*  taken  J950-1030  5/8/54. 
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CONTfiMINAT-ON  (MR/HN)  CO.JTmMINATION  {MR/HR) 


2200 


Figure  D.30  Comparison  of  average  TIB  versus  fixed 
gamma  readings  for  aircraft  aboard  the  YAG  40  after 
Shot  2. 


TIME  AFTER  SHOT  (HR)  I 

Figure  D.31  Conqparison  of  average  TIB  versus  fixed  1 

gansna  readings  for  aircraft  aboard  the  YAG  hO  after  1 

J 
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sc  D.32  Reduction  of  the  be  ta-to -gamma  ratio  on 

at  plates  by  washing  them  vith  the  firehose.  Figure  D.J3  Reduction  o: 

test  plates  by  washing 


WITH  DETERGENT 


'  m  q  ' 
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gure  D.34  Reduction  of  the  be ta-to-gaama  ratio  on  Figure  D.35  Reduction  of  the  beta-to-ge— w  ratio  on 
test  plate*  by  scrubbing  them  with  detergent  test  plates  by  scrubbing  them  vith  detergent  and 

rinsing.  rinsing. 


Figure 

test 


D.3o  Reduction  of  the  be  ta-to-ganma  ra 
plates  by  scrubbing  them  with  Gunk. 


io  on 


i 
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3b  Locations  ■ 
initial  survey 


Appendix  E 

SUPPLEMENTARY  MATERIAL  ON  SHIPBOARD 
INTERIOR  CONTAMINATION 

2.1  ‘'LOW  STRUCTURE 

In  this  treatment  of  flow  structure,  consideration  is  given  to  air¬ 
flow  characteristics  in  the  ventilation  and  boiler-air  systems,  as  well 
as  the  auxiliary  parameters,  temperature,  relative  humidity,  and  baro¬ 
metric  pressures* 

E.1.1  Airflow  Characteristics.  Primary  constituents  of  the  ventil¬ 
ation  ducts  are  summarized  in  Table  E.l. 

Airflow- volume  rates  in  the  ventilation  ducts  on  the  YAG  39  and 
IAG  40  were  determined  prior  to  the  test  from  measurements  made  with  the 
sampling  cones  in  place.  The  flow  rates  were  derived  from  oitot  traverses 
where  the  velocities  at  a  series  of  positions  across  a  centerline  in  one 
plane  of  each  of  the  ducts  were  measured  as  velocity  pressure  (inches  of 
water)  on  an  Ellison  Draft  Gage.  Corrections  for  the  local  temperature, 
pressure,  and  humidity  were  made  from  a  table  of  velocities  of  air  at 
standard  temperature,  pressure,  and  given  humidity  versus  the  velocity 
head  in  inches  of  water;  the  flow  rate  was  determined  from  the  known 
cross-sectional  area  at  the  pitot  traverse.  Traverse  stations  were  located 
downstream  of  the  combination  heater.  Exact  location  of  pitot  tape  were 
shown  in  Figure  6.4.  The  parallel  plate  structure  of  the  heaters  acted 
as  a  flow  straightener.  Three  pitot  taps  were  set  60°  apart  from  each 
other  around  the  circumfe-  nces  of  the  ducts  to  provide  an  accurate  three- 
dimensional  traverse  of  tne  flow  contours  at  each  station;  however,  two 
traverses  per  station  were  generally  sufficient.  Air  velocity  contours 
for  each  of  the  six  systems  are  shown  in  Figure  E.l. 

Each  system  had  been  balanced  to  obtain  approximately  tae  desired 
flow  rate  prior  to  the  flow  determination.  Balancing  was  done  by  in¬ 
serting  orifices  in  the  intake  duct  ahead  of  the  wye  branches.  The  flow 
rates  are  given  in  Table  E.2 

During  each  test  the  flow  rate  in  each  ventilation  system  was  checked 
for  variation  from  that  in  the  calibration  run  with  a  Hays  recorder,  which 
gave  a  continuous  recording  of  the  static  pressure  differential  between 
two  static  pressure  taps.  It  may  be  noted  that  three  static  taps  are 
shown  for  the  various  systems  in  Figures  6.4  and  6.5;  the  two  taps  that 
gave  the  maximum  scale  reading  within  the  limits  of  the  pressure  differ¬ 
ential  recorders  were  selected  from  each  system  for  connection  to  a 
recorder.  In  general,  flow  was  uniform  througn  each  system,  but  vari¬ 
ations  from  the  calibration  run  were  observed.  Variations  from  the  cali¬ 
bration  run  are  given  in  Table  E.3 

The  Westinghouse  precipitron  was  installed  on  board  the  YAG  40  *3 
one  of  the  ventilation  countermeasures  to  be  tested.  The  installation 
was  made  by  the  Mare  Island  Naval  Shipyard  according  to  the 
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TABLE  E.l  SUMMARY  OF  VENTILATION  DUCT  CONSTITUENTS 


Cubicle 

Type  Fan 

Type 

Preheater 

(not 

operated) 

Type 

Reheater 

(not 

operated) 

Vents 

Intake  Exhaust 

Cubicle 

Terminal 

Duct 

Wall 

Thick¬ 

ness'®/ 

(lh.) 

( 

Duct  Diameters  \ 
Intake  Exhaust  I 
(in.)  (in.) 

:fm  for 

fhlch 

designed 

Condition 

A1UW5 

26m 

26H 

mush- 

mush- 

7-in 

0.125 

1 

8  to  7 

8  ahead 

670 

I, 

intake 

room 

roan 

diffuser 

branches  of 

YAG  UO 

and 

size 

size 

exhaust 

exhaust 

10 

8 

fan 

7  after 

fan 

Condition 

aia4w5 

26m 

26h 

mush- 

mush- 

7-in. 

0.125 

8  to  7 

8  ahead 

1000 

II, 

Intake 

roan 

iMan 

diffuser 

branches  of 

YAG  U0 

and 

size 

size 

exhaust 

exhaust 

10 

8 

fan 

7  after 

i 

fan 

Condition 

A1A4W5 

26m 

26h 

mush- 

mush- 

7-in. 

0.125 

8  to  7 

8  ahead 

1000 

HI. 

intake 

roan 

roan 

diffuser 

branches  of  I 

YAG  1*0  i 

and 

size 

size 

exhaust 

exhaust 

10 

8 

fan 

' 

(not 

7  after 

operated 

fan 

Condition 

A1A4W5 

26m 

26h 

mush- 

mush- 

1 

7- in. 

0.125 

8  to  7 

8  ahead 

1000 

IV, 

intaxe 

roan 

roan 

diffuser 

branches  of 

YAG  1*< 

and 

size 

size 

exhaust 

exhaust 

10 

8 

fan 

7  after 

fan 

Condition 

aia4w5 

26m 

26H 

mush- 

mush- 

7-in. 

0.125 

8  to  7 

8  ahead 

1000 

V, 

intake 

roan 

roan 

diffuser 

branches! 

of 

YAG  40 

and 

size 

size 

exhaust 

exhaust 

10 

8 

fan 

7  after 

fan 

Condition 

A1A4W5 

26m 

26H 

mush- 

mush- 

7-in. 

0.125  ; 

)  1/2 

8  ahead 

1000 

VI, 

Intake 

roan 

roan 

diffuser 

to  7 

Of 

YAG  40 

ami 

size 

size 

branches 

exhaust 

exhaust 

10 

0 

fan 

7  after 

fan 

Condition 

AJLA4W5 

26M 

26H 

mush- 

mush- 

7-ln. 

0.125  ( 

i  to  7 

8  ahead 

1000 

I1A, 

intake 

roan 

roan 

diffuser 

branches 

of 

YAG  39 

and 

size 

size 

exhaust 

exliaust 

10 

6 

fan 

7  after 

fan 

_ 

( a )  Due 

mi 

ate rial  was  galvanized 

s  teel. 

specifications  from  the  Naval  Research  Laboratory;  a  ’"e3tinghouse  rep¬ 
resentative  checked  the  installation.  Prior  to  departure  for  the  test 
site,  NHL  representatives  made  final  modifications  preparatory  to  the 
field  tests. 

All  the  available  data  on  the  operation  of  the  precipitron  are  in¬ 
cluded  in  Table  1.4. 

On  reboarding  the  ship  after  27  March  1954,  one  filter  was  removed 
and  read  with  a  TIB  on  board  ship  in  a  background  of  25  mr/hr.  Tha 
reading  was  30  mr/hr;  so  the  filter  was  replaced,  sines  this  redding  was 
comparable  to  the  background  and  there  was  no  dirt  visible.  The  maximum 
reading  on  the  outer  housing  of  the  precipitron  was  500  mr/hr,  with  an 
average  of  about  300  mr/hr.  The  average  reading  along  the  interior  wall 
of  the  precipitron  housing  was  about  35  mr/hr,  though  the  extent  of  the 
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VELOCITY  PRESSURE  {. IN.  OF  WATER  ) 


TABLE  E.2  FLOW  RATFS  THROUGH  THE  DUCTS 


Measured  Mean 

Cubicles  Velocity (a)  Duct  Dia.  Flew  Kate 

_  (ft/ain)  _ (in.)  (cibi) 


Condition  1,  YAG  40 

1,829 

8 

_ - 

638 

Condition  II,  YAG  40 

3,190 

8 

1113 

Condition  III,  YAG  40 

- 

8 

- 

Condition  IV,  YAG  4'J 

2,949 

8 

1029 

Condition  V,  YAG  40 

2,739 

8 

959 

Condition  VI,  YAG  40 

2,273 

9.5 

nib 

Condition  IIA,  YAG  39 

2,3U 

8 

807 

(a)  Values  corrected  to  the  following  conditions: 
cubicle  temperatures,  8l . 5°  to  87°F 
barometric  pressure,  29.1*2  to  29-70  in.  of  Hg 
relative  humidity,  74  percent 


contribution  to  this  reading  from  the  activity  on  the  exterior  of  the 
housing  is  unknown. 

E.1.2  Boiler-Airflow  Characteristics.  Four  pitot  taps  were  spotted 
around  the  perimeter  of  each  boiler  air  duct  38  in.  ahead  of  the  expansion 
section  above  the  forced  draft  blower.  These  taps  were  stationed  to  pro¬ 
vide  four  traverses  at  45°  to  each  other  in  each  duct  for  each  dial  speed 
of  the  ship;  however,  only  three  traverses  per  dial  speed  were  made  on 
YAG  39.  Space  limitations  prevented  the  straight  section  ahead  of  the 
forced  draft  blower  from  being  more  than  six  duct  diameters  in  length. 

The  requirements  of  flow  measurement  were  compromised  still  further  by 
the  sharp  turn  of  the  airstrea®  upon  entering  the  blower  housing.  Flow 
straightening  devices  were  avoided  for  fear  of  inserting  too  many  non¬ 
typical  deposition  surfaces  into  the  airstream.  Nevertheless,  two  sets 
of  turning  vanes  were  installed-— below  the  simulated  armor  grating  and 
in  the  elbow  at  the  top  of  the  intake  duct. 

Pitot  traverse  plots  are  shown  in  Figures  E.2  and  E.3.  The  patterns 
are  irregular,  but  they  are  superior  to  those  available  anywhere  else  in 
the  boiler-air  systems.  On  the  basis  of  these  measurements,  flow  rates 
at  various  dial  speeds  were  computed  (Table  E.5).  The  ships'  speeds 
corresponding  to  the  various  dial  settings  are  not  accurate.  They  are 
expected  values  since  no  calibration  was  made. 

Pressure  differential  recorders  were  set  up  to  record  the  differences 
in  static-pressure  drops  between  two  taps  located  between  the  uptake 

TABLE  E.3  STATIC  FRFSSURF  DEVIATIONS  FOR  SHOTS  2,  4  *nd  5 


P  for  Shot/P  for  Calibration 


Shot  2 

Shot  4 

Shot  5 

Condition 

I,  YAG  40 

1.000 

T  1 

1.022  ! 

1.000 

Cond ltlon 

II,  IAG  40 

1.012 

0.975 

0.960 

Condition 

IV,  YAG  40 

i.c^o 

0.952 

0.965 

Condition 

V,  YAG  40 

0.965 

0.965 

Condition 

VI,  YAG  4C 

1.028 

1.041 

Condition 

ILA,  YAG  39 

1.000 

0.990 

(a)  No  flow 
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TABU  E.4  PRECIPITRON  OPERATIONS 


rate 

Arcs  Since 

Cumulative 

Time  or 

Cumulative 

Last 

derating 

Time  . 

Remark* 

Observation 

Arcs 

Observation 

Time 

Since  Last 

(hr) 

Observation 

(hr) 

27  Jan.  54 

29  Jan.  54 

0000 

18,746 

496 

221.6 

7.3 

At  end  of  washing  cycle. 

1*35 

[  19/242 

6,718 

248.9 

Cleaned  on  15  Feb.  54 

16  Feb.  54 

52.2 

0739 

25,960 

301.1 

16  Feb.  54 

169 

7.1 

1445 

26,129 

0 

308.2 

0.5 

16  Feb.  54 

1515 

26,129 

0 

308.7 

0.9 

16  Feb.  54 

1610 

26,129 

659 

309.6 

18.8 

During  last  dry  run 

22  Feb.  54 

0314 

26,788 

328.4 

After  dry  run 

40 

7.8 

22  Feb.  54 

1100 

26,823 

336.2 

1 

1,228 

U.7 

1  Mar.  54 

0330 

28,056 

347.9 

27  Mar  51* 

975 

395.8 

47.9 

0305 

29,031 

3,473 

264.7 

Precipltron  cleaned  prior  to  26 
April  but  filters  not  changed. 

26  Apr.  54 

0240 

32,504 

0 

660.5 

84.4 

Precipltron  cleaned  and  filters 
changed  2  May. 

5  May  51* 

0215 

32,504 

0 

754.9 

57.2 

Shot  day. 

30  May  54 

0900 

32,504 

812.1 

ap&e-*4*  and  the  forced  draft  blowers  of  the  two  test  ships.  Both  re- 
or.  TAG  39  and  TAG  40  failed  during  Shot  5  and  that  on  XAG  39 
fax.  '  during  Shot  4.  From  the  renalning  records  the  average  flow  rates 
in  Table  F  ':>  w»re  derived.  It  must  be  noted  that  these  values  apply 
only  during  the  time  the  power-driven  samplers  were  operating,  since  the 
pressure-differentiai  recorders  were  on  the  same  timed  circuit  as  the 
sampling  instruments. 

Air  velocity  measurements  wore  made  at  air  sampler  stations  in  the 
combustion  air  ducts  of  YAG  40  to  pe,..  4  adjnatmot  of  those  units  to 
isokinetic  flow.  A  single  velocity-pressux*  measurement  wau  made  at  each 
station  just  ahead  of  the  cone  intake.  Table  ±-.7  presents  the  results. 

E.1.3  Temperature,  Relative.  Humidity,  and  Barometric  Pressure,  ftec- 


TABLE  E.5  BOILER  AIRFLOW  CHARACTERISTICS  FOR  TAG  39  AND  TAG  *0 


IA0  40 

■■■■■■■ 

Dial  Speeds^*) 
or  Settings 

Ship's 

Speed 

(knots) 

Mean  Air 
Velocity 
(ft/aln) 

Flow  Rate 
(cite) 

Dial  Speeds^*) 
or  Settings 

Ship's 

Speed 

(knots) 

Mean  Air 
Velocity 
(ft/mln) 

Flow  Rate 
(efia) 

4 

6.7 

592 

6,560 

4 

6.7 

806 

8,950 

6 

8.9 

730 

8,100 

6 

8.9 

940 

10,420 

8 

11.0 

903 

10,000 

8 

11.0 

1,081 

12,000 

(a)  Speed  range*  in  which  the  ahlpa  could  operate  were  determined  by  8  throttle  setting*.  Dial 
speeds  1  to  8  were  available  but  principal  operating  speeds  used  settings  2,  4,  6,  and  8. 
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AIR  VELOCITY  (FT/MIN) 


the  YAG  39- 

411 

CONFIDENTIAL 


DISTANCE  ALONG  DIAMETER  (IN.) 

Figure  E.3  Pitot,  traverses  in  boiler  air  intake  duct  of  the 
YAC  140  ^ 
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TABLE  E.6  AVERAGE  BOILER  AIR  FLOW  RATE  (efm) 


1 

Shot  2 

Shot  4 

Shot  5 

TAG  39 

- 

I1400(a) 

ll40o(a) 

TAG  40 

7380  from  S  to 

8800 

eWa* 

(S  +  4  1/2  hr) 

frco  S  to 
(S  ♦  12  hr) 

(a)  The  following  assumptions  were  made: 

(1)  Both  ships  stayed  close  together  during  Shots  4 
and  5;  therefore,  they  oust  have  been  opeiuting 
at  the  saae  speeds. 

(2)  Both  ships  steamed  at  dlsd  6  or  dial  8  during 
Shots  4  and  5 

A  combination  of  the  above  assumptions  and  the 
approximate  ratio  of  1.3  between  the  one  complete 
flow  record  of  TAG  40,  Shot  5  produced  the  marked 
values . 


ords  were  made  of  the  temperature  in  the  ventilation  test  cubicles,  at 
sampling  stations  in  the  boiler  air  systems,  and  at.  weatherside  sampling 
stations.  These  data  are  given  in  Table  E.8,  together  with  measurements 
of  relative  humidity  and  barometric  pressure. 


E.2  INSTRUMENTATION  DETAILS 

Details  of  the  air  sampler,  particle  collector,  and  suction  unit, 
together  with  a  discussion  of  their  operational  timing  and  performance 
are  given  in  this  section. 

E.2.1  Air-Sampler  Design.  The  continuous  air  sampler  used  for  this 
investigation  was  required  to  operate  under  the  following  conditions! 

(l)  where  there  were  ambient  air  stream  velocities  ranging  from  0  to  50 
ft/sec;  and  (2)  where  there  were  ambient  temperatures  ranging  from  60  to 
475°F. 

In  addition,  the  sampler  was  designed,  as  closely  as  possible,  to: 

(1)  collect  isokinetic  samples  whenever  sampling  a  moving  air  stream; 

(2)  sample  continuously  at  a  constant  volume  rate  «nd  constant  filter 
paper  speed  for  an  8-hr-  period;  and  (3)  sample  from  wet  or  dry  atmos¬ 
phere. 


TABU  E.7  AIR  VELOCITIES  AT  SAMPLING  STATIONS  IN  I  AG  40  BOILER  ..IR 

SYSTEM 


Speeds  at 

Dial  Settings  (ft/min) 

4 

5 

9 

In  duct  beneath  fiddley  space 

859 

1060 

1551 

Starboard  vindbox  downstream 
of  forced  draft  blower 

094 

896 

1266 

Air  duct  connecting  wlndbaxes 

694 

1416 

1602 

Top  of  stack 

-  —  ,  _ 1 

l  _  i 

- 

630 
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TABLE  E.8  TEMPERATURE ,  HUMIDITT,  AND  BAROMETRIC  PRESSURE  MEASUREMENTS 

FOR  THREE  SHOTS 


TAG  40 

Ml 

Shot  2  Shot  4 

Temperature  i0?  ’ 

Shot  5 

Top  of  deckhouse 

76 

80 

79 

Condition  11 

81 

85 

Condition  III 

83 

87 

Condition  IV 

82 

86 

Condition  V 

81 

85 

Condition  VI 

82 

86 

Conditien  IIA 

92 

8 } 

85 

Between  boilers 

130 

130 

130 

Fidley  space 

131 

120 

120 

Starboard  vindbox 

130 

• 

- 

Port  vindbox 

130 

124 

120 

Ahead  of  forced 
draft  blower 

130 

115 

Stack  top 

330 

390 

Between  boilers 

116 

116 

Ahead  of  forced 
draft  blower 

no 

118 

115 

Top  of  No.  2 
kin^oat 

_ 2°__. 

_ 22 _ 

■  §5_ 

Weatherside 

relative 


tumidity 

Weatherside  rela¬ 
tive  hunidity 
Barometric 
Pressure  (in.  of  Hg) 


9^  36?;  75?t 

Reading  Reading 
77 i>  not  taken  not  taken 

29.5  max  29.55  “a*  Reading  not 

29.25  min  26.95  min  available 


The  instrument  consisted  of  the  following  basic  elements  (l)  a 
cone-shaped  sampling  inlet  designed  to  allow  isokinetic  sampling  while 
reducing  the  sampling  velocity  to  a  desired  amount  through  the  filter 
paper  strip;  (2)  a  feed  system  designed  to  pull  the  filter- paper  strip 
past  the  sampling  port  at  a  constant  speed;  (3)  an  airtight  case  intended 
to  prevent  internal  contamination  and  to  permit  no  other  flow  into  the  samr- 
pier  except  that  through  the  cone;  and  (4)  a  suction  unit  (Reference  17) 
to  produce  constant  volume  rate  sampling  through  the  filter  paper. 

There  were  two  main  types  of  sampler,  hereinafter  referred  to  as 
"long"  and  "short"  samplers.  The  former  were  designed  primarily  to 
operate  at  temperatures  above  100°F  in  the  boiler  air  systems  and  the 
latter  at  temperatures  up  to  100°F  in  the  ventilation  systems  (Figure 
E.4)«  Both  types  contained  the  same  basic  mechanisms . 

The  sample  inlet  was  the  small  end  of  a  5.13°  total  angle  diffuser 
cone  designed  to  accomplish  three  things.  It  would  make  isokinetic  sam¬ 
pling  possible  by  reducing  the  air  velocity  of  the  ambient  airstream  to 
the  sampling  velocity  at  the  filter-strip  commensurate  with  the  require¬ 
ment  that,  the  drag  force,  caused  by  the  pressure  drop  across  the  filter 
strip,  be  less  than  the  tensile  strength  of  the  paper.  It  would  make  it 
possible  to  place  sampling  inlets  in  duct  systems  sufficiently  far  up¬ 
stream  from  elbows  so  that  sampling  would  not  be  done  from  areas  of  tran¬ 
sitional  air  flow.  Further,  the  cone  would  direct  the  flow  of  air  sam¬ 
pled  from  the  ambient  airstream  against  the  filter  surface. 

The  filter  paper  feed  system  was  designed  to  pull  a  strip  of  filter 
paper  5  in.  wide  and  270  ft  long  pest  a  3^- in. -diameter ,  pierced,  stainless- 
steel  sampling  port  at  a  constant  speed.  This  was  done  by  a  synchronous 
motor  geared  through  a  five-speed  gear  box  by  sprocket  and  chain  linkage 
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to  a  knurled  aluminum  drive  roller  in  the  long  samplers  and  to  a  rubber- 
covered  drive  roller  in  the  short  samplers.  The  gear  box  allowed  a 
choice  of  speeds  in  multiples  of  2  from  ^  to  4  in./mir.  The  design  of  the 
drive  rollers  assured  no  slippage  of  the  filter  paper. 

An  aerosol  incident  at  the  cone  intake  was  sampled  with  a  lineal  flow 
approximately  equal  to  that  of  the  aerosol  stream.  It  was  expected  that  a 
considerable  fraction  of  the  particulc te  matter  would  be  deposited  in  the 
cone;  so  it  was  installed  with  a  removable  liner  in  such  a  manner  as  to 
give  a  clearance  of  approximately  ^  in.  between  the  cone  and  the  filter 
strip  to  prevent  tearing  the  latter.  Since  the  aluminum  case  itself  was 
airtight  and  the  cone  projected  through  a  rubber  diaphragm  in  the  case, 
there  was  no  air  leakage.  The  face  of  the  filter  strip  was  protected  by 
a  covering  strip  5  in.  wide  before  passing  through  the  drive  rollers.  In 
low-temperature  conditions,  the  cover  strip  was  cellophane;  silicone- 
coated  fibrous  glass  was  used  in  the  fire  room.  To  prevent  sagging  of  th* 
filter  strip  after  passing  through  the  drive  roller,  a  slot  3/16  in.  wide 
was  cut  full  length  into  each  drive  roller  to  allow  the  proper  amount  of 
covering  strip  to  slide  past  with  each  revolution.  In  the  sample  collec¬ 
tion,  this  feature  caused  a  maximum  error  of  2  percent  for  any  drive- 
roller  revolution  period.  Each  sample  was  retrieved  after  the  operation 
as  a  filter  strip  with  protective  covering  strip  rolled  onto  a  takeup  reel 
and  was  sent  back  to  the  laboratory  for  analysis. 

Extensive  tests  were  made  on  various  commercial  filter  papers  during 
the  design  of  the  air  sampler  (Reference  25).  MSA  1106B  was  chosen  as 
having  the  best  resistance  to  temperatures  greater  than  room  temperature 
combined  with  high  efficiency  and  low  pressure  drop.  This  paper  was  used 
exclusively  on  the  air  samplers.  Average  pressure  drop  through  the  paper 
was  estinated  at  2.4  in.  of  Hg  for  a  face  velocity  of  270  ft/min. 

The  sampling  port  was  linked  with  the  constant- volume-rate  suction 
unit  through  a  90°,  3^- in. -diameter,  long-turn,  brass  elbow  threaded  to 
take  a  gasketed  cadmium-coated  brass  reducing  connector,  which  was  remov¬ 
able  for  sample  recovery.  This  connector  in  turn  was  linked  to  the  suction 
unit  by  a  10-ft  length  of  1^- in. -diameter  flexible  hose,  or  in  the  case  of 
those  located  in  the  fireroom,  through  l£- in  .-diameter  pipe  to  the  cold 
chest  where  the  suction  units  were  installed.  The  whole  -’uction  assembly 
had  airtight  integrity  up  to  the  sampling  port,  so  there  was  no  possibil¬ 
ity  of  the  sampled  air  being  cycled  through  the  case  or  bypassing  the 
filter  paper. 

110-v  alternating-current  power  to  the  synchronous  motors  and  the 
auction  units  was  furnished  by  a  60-KW  motor  generator  system. 

E.2,2  Molecular  Filter  Collector  Design.  Molecular  filters  furnished 
the  optically  tiansparent  collecting  surfaces  required  for  particle  sizing. 
For  greater  ease  in  processing  and  analysis,  a  dispersion  on  the  order  of 
100  active  particles  per  square  millimeter  is  desirable.  On  the  basis  of 
estimates  of  percent  of  particles  which  would  completely  traverse  the  in¬ 
take  duct  systems  and  estimates  made  of  concentration  of  a*  ive  part.irles 
in  the  air  from  Greenhouse  and  Bu3ter  Jangle  report,  data  (References  25 
and  27),  a  flow  ratio  cf  30  to  1  between  collecting  heads  was  selected;  the 
toxal  flow  through  both  heads  for  each  perticle  collecting  unit  wa"  10 
cfm.  If  the  estirrate  cf  active  oarticulate  concentration  were  correct, 
the  desired  flow  rate  to  produce  the  preferred  dispersion  would  be  10  cfm. 
To  broaden  the  range  of  the  instrument  ,  this  value  was  bracketed  30 
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by  the  high  and  low  flow  heads: 


~~  x  30  =  10  cfm  =  high  flow 

10  x  i _  r  i  cfm  -  low  flow 

30  30  3 


This,  then,  would  give  an  adequate  sample  for  radioautography  on  one  or 
the  other  of  the  two  heads  over  a  range  of  three  decades  (Figure  E.5). 

Power  and  timing  for  the  units  were  identical  to  that  of  the  contin¬ 
uous  air  samplers. 


Figure  E*5  Molecular  filter  collector 

E.2,3  Suction  Unit  Details.  Suction  units  Figure  E.6  for  particle 
collectors  and  air  samplers  were  designed  to  maintain  a  constant  flow  through 
the  collecting  filter,  regardless  of  changes  in  pressure  drop  ~ough  the 
filter.  The  units  consisted  of  a  Roots  blower  driven  by  «n  electric  motor. 
Flow  control  was  obtained  through  the  presence  of  a  vacuum-control  valve 
ahead  of  the  pump.  This  valve  maintained  a  higher  total  pressure  drop 
through  the  system  than  that  of  the  test,  filter.  As  the  pressure  drop 
across  the  filter  increased  from  loading  of  the  filter,  the  valve  opened  to 
compensate.  Flow  could  be  controlled  over  a  range  of  0  to  8  in.  of  Hg. 

Two  types  of  suction  units  were  used  for  this  study.  Those  units 
which  provide  suction  for  air  samplers  were  driven  by  a  3/4-hp  variable- 
speed  motor.  This  arrangement  permitted  a  variation  in  flow  rate  over  the 
range  of  1  to  15  cfm,  since  it  was  considered  that  isokinetic  sampling  at 
the  air-sampler  stations  could  be  best  accommodated  by  changing  the  sam-  M 
pier  intake  flow  rate  to  meet  changes  in  duct  air  or  wind  speeds.  The  ™ 
suction  units  associated  with  the  molecular  filter  particle  collectors 
differed  only  in  that  the  motors  were  1-hp  constant-speed  units  coupled 
to  the  pumps  with  belt  drives.  These  units  were  designed  to  draw  a  con¬ 
stant  10  cfm. 

Both  types  had  the  common  features  of  a  flow  recorder,  control  vacuum 
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Figure  E .6  Schematic  diagram  of  arrangement  of  suction  unit. 


gage,  filter  vacuum  gage  and  safety  filter  ahead  of  the  pump*  The  recorder 
kept  a  record  of  flow  variations  by  monitoring  the  difference  in  static 
pressure  between  atmosphere  and  a  venturi  in  the  pump  exhaust. 


E.2 .4  Times  of  Instrument  and  Fan  Operation  and  Instrument  Field 
.  Performance .  Table  E.9  documents  the  best  available  informa¬ 

tion  on  the  times  of  operation  of  power  driven  instruments,  ventilation 

TABLE  E.9  OPERATIONAL  TIMING  FOR  SHOTS  2,  4  end  5 


Instrunents  and 

Instruments  Ventilation  Cubicle 

Boiler  Air 

Fans  Started 

Stopped 

Fane  Stopped 

Shutdown 

Shot  2 

YAO  39 

S-3  hr 

S+5  hr 

S+5  hr 

S+4  hr  30  min 

YAG  40 

S-3  hr  35  oiin 
to  S-3  hr 

25  min 

S+4-1/2  hr 

S+6  hr^ 

Hot  loicvn 

■PillliIBBHIIl 

YAO  39 

Fans  not 
started(k) 

Fans  not 

No  shutdown  - 

|d||j  ’  JHg 

startcd(b) 

samples  re- 

Instruments . 

covered  by 

started 

S-45  min 

HR 

C+32  hr 

YAG  40 

S-3-1/2  hr 

S+20  hr^c^ 

S+3  hr  to  min 

.  .  Shot  5 

YAG  39 

3-1  hr 

S+21-1/2  hr 

S+26  hr 

Ho  shutdown- 
samples  re¬ 
covered  by 

S+30  hr 

YAG  to 

S-3  hr  45  rain 

S+lO  hr  45 

S+20  hr^c) 

S+8  hr  15  min 

min 

(a)  Record  shows  a  drop  to  0  in.  of  water  betveen  static  tops  at  shot 
tine  for  Condition  V,  YAO  4o.  Either  the  recorder  or  the  ventila¬ 
tion  fans  had  stopped. 

(b)  A  personal  error  resulted  in  a  failure  to  start  the  fans. 

(c)  Tine  of  shutdown  of  fans  in  Condition  1  not  known  but  after  Sf20 
hr. 
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fans  and  boiler  air  shutdoum  for  the  three  shots  from  which  data  were  ob¬ 
tained. 

It  may  be  observed  in  Table  E.9  that  the  instrument  operation  time 
was  increased  considerably  for  Shots  4  and  5,  This  increased  time  re¬ 
quired  a  reduction  in  the  speed  of  filter-paper  movement  through  the 
continuous  air  samplers  in  order  that  the  available  270  ft  of  filter  paper 
would  not  be  exhausted  during  the  run. 

Filter-paper  speeds  in  below-decks  samplers  were  less  than  those  in 
weat.herside  samplers  to  allow  for  reduction  in  activity  levels  in  the  below 
decks  spaces  at  the  expense  of  activity  peak  discrimination.  Air-sampler 
filter-paper  speeds  for  three  shots  are  given  in  Table  E.1Q. 

Table  E.ll  lists  the  performance  of  continous  air  samplers  for  three 

,  TABLE  E.10  LINEAR  SPEED  OF  FILTER  PAPER  PASSING  INTAKE  PORTS  OF  THE 

CONTINUOUS  AIR  SAMPLERS 


Location  of  Air  Samples 

'type 

Ambient 

Temperature 

Linear  Speed  of  Filter  Paper  (in/min) 

Shot  2  Shots  4  and  r> 

Cond,  II  -  Station  1  TAG  39 

short 

normal 

4 

1 

Cond.  II  -  Station  5  '  TAG  39 

short 

normal 

1/2 

1/4 

Cona.  I  -  Station  1,’  TAG  40 

short 

normal 

4 

1 

Cond.  I  -  Station  5  ,  TAG  40 

short 

normal 

1/2 

1/4 

Cond.  II  -  Station  1  ,  TAG  40 

short 

normal 

4 

1 

Cond.  II  -  Station  2  ,  TAG  40 

short 

normal 

2 

1 

Cond.  II  -  Station  3  ,  TAG  40 

short 

normal 

1 

1/2 

Cond.  II  -  Station  4  ,  TAG  40 

short 

normal 

1/2 

1/4 

Cond.  II  -  Station  5  ,  TAG  40 

6hort 

normal 

1/2 

1/4 

Ccnd.  Ill  -  in  cubicle  ,  TAG  40 

short 

normal 

1/2 

1/4 

Cond.  IV  -  Station  5  ,  TAG  40 

short 

normal 

1/2 

1/4 

Cond.  V  -  Station  5  ,  TAG  40 

short 

normal 

1/2 

1/4 

Cond.  VI  -  Station  5  ,  TAG  40 

short 

normal 

1/2 

1/4 

Top  of  deckhouse  TAG  40 

long 

normal 

4 

1 

Top  of  bridge  -  TAG  4o 

long 

normal 

4 

1 

Under  fiddley  apace  f  fire  roan',  TAG  40 

long 

high 

4 

1 

Ahead  of  blower-boiler  air  duct, TAG  40 

long 

high 

4 

1 

In  starboard  windbox  ,  TAG  4o 

long 

high 

- 

- 

In  windbox  between  boilers  ,  TAG  40 

long 

high 

1/2 

1/4 

In  fireroaa  between  boilers  ,  TAG  40 

long 

high 

1/2 

1/4 

No.  2  kingpost  TAG  39 

long 

normal 

4 

1 

Ahead  of  blower-boiler  air  duct , TAG  39 

long 

high 

4 

1 

Between  bcllera  firerootn  ,TAC  39 

long 

high 

1/2 

1/4 

shots.  No  difficulty  was  experienced  with  any  of  the  suction  units  at¬ 
tached  to  air  samplers  during  these  three  events. 

Table  E,12  summarizes  the  molecular  filter  particle  collector  opera** 
tion  for  three  shots.  The  top  line  for  each  particle  collector  and  shot 
refers  to  the  operation  of  the  suction  unit.  The  bottom  line  describee 
damage ,  where  it  occurred,  to  the  molecular  filters, 

E.3  ANAuISiS  SUPPLEMENT 

E.3.1  Decay  Correction  of  a  Typical  Graph  of  Activity  Versus  Time.  To 
demonstrate  the  nature  of  the  airborne  activity  concentration  during  the 
actual  test  run,  a  typical  graph  obtained  from  the  air  sampler  at  Station 
5,  Condition  II,  YAG  40,  Shot  5,  has  been  corrected  for  decay  point  by 
point  to  the  time  of  arrival.  A  comparison  of  this  curve  is  shown  in 
Figure  E.7  with  the  same  curve,  all  of  whose  ordinates  are  corrected  to 
StlC  days. 


419 


CONFIDENTIAL 


TABLE  E.ll  CONTINUOUS  AIR  SAMPLER  PERFORMAHCE  FOR  3  SHOTS 


Operation  During 


Air  Sampler  Location 

Cond.  II  -  Station  1 f  YAG  39 
Cond.  II  -  Station  5 ,  YAG  39 
Cond.  I  -  Station  1^  YAG  40 
Cond.  I  -  Station  5  YAG  40 

Cond  II  -  Station  1  (  YAG  40 

Cond.  II  -  Station  2  f  YAG  40 


Shot  2 


operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
pin  broke  in  drive 
roller  record  lost 
operated  successfully 


Cond.  II  -  Station  3  YAG  40 

Cond.  II  -  Station  4  *  YAG  40 

Cond.  II  -  Station  5  ’  YAG  40 

Cond.  Ill  -  in  cubicle  YAG  40 
Cond.  IV  -  Station  5  '  YAG  40 
Cond.  V  -  Station  5  ,'YAG  40 
Cond.  VI  -  Station  5  f  YAG  40 
Top  of  deckhouse  f  YAG  40 


operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 


Top  of  bridge  f  YAG  40 


Top  of  stack  starboard  side 
or  YAG  40 

Top  of  stack  f  port  side  of  YAG 
40 

Under  fiddley  space-, firerocm 
YAG  40 


filter  paper  wound 
erratically  on  take- 
up  reel 

failed  during  Shot  1 
failed  during  Shot  1 
operated  successfully 


Ahead  of  blower  boiler-ai1* 
duct  #  YAG  40  ' 

In  starboard  windbox  YAG  40 
In  windbox  between  bollersfYAG  4C 


operated  successfully  | 

destroyed  by 
filter  paper  tore  , 
stationary  sample 
returned  to  NRD1, 


Operation  During  Operation  During 

— S2Lii - - - - - Shot  5  


operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 

operated  successfully 

operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
stopped  intermittently 
part  of  record 
satisfactory 
filter  paper  tore 
after  a  brief  run 

Discontinued  for 
succeeding  shots 
Discontinued  for 
succeeding  shots 
ran  out  of  covering 
strip;  filter  ran 
successfully;  saiqple 
lost  in  analysis 
operated  successfully 


operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
ran  out  of  filter 
paper  near  end  of  run 
ran  out  of  filter 
paper  near  end  of  run 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
operated  successfully 
stopped  intermittently 
part  of  record 
satisfactory 
filter  paper  tore  - 
stationary  sample 
lost 


discontinued 


discontinued 


salt  water  corrosion  following  Shot  2 
record  lost 


TABLE  E.12  MOLECULAR  FILTER  PARTICLE  COLLECTOR  PERFORMANCE  FOR  3  SHOTS 
Particle  Collector  Shot  2  Shot  4  Shot  5 


Nuber  Operation  _ Operation  Operation 


1 

suction  unit 
particle  collector 

Operated  successfully 
samples  complete 

Operated  successfully 
samples  ccn$>lete 

Filters  loaded  ,  flow  dropped 
samples  complete 

2 

suction  unit 
particle  collector 

Operated  successfully 
sonnies  complete 

Operated  successfully 
samples  complete 

Filters  loaded  ,  flow  dropped 
samples  complete 

3 

suction  unit 
particle  collector 

Operated  successfully 
samples  complete 

Operated  successfully 
samples  complete 

Operated  successfully 
samples  ccaplete 

4 

suction  unit 
particle  collector 

Operated  successfully 
one  sample  complete 

Stopped  during  run 
ore  sample  complete 

C^erated  successfully 
one  sample  complete 

5 

suction  unit 
particle  collector 

Operated  successfully 
samples  cccipletc 

Operated  successfully 
sample s  complete 

Filters  loaded  ,  flow  dropped 
samples  complete 

6 

auction  unit 
particle  collector 

Operated  successfully 
samples  complete 

(Operated  successfully 
samples  complete 

Operated  successfully 
samples  complete 

7 

suction  unit 
particle  collector 

Operated  successfully 
samples  complete 

Operated  success fully 
sample  72  destroyed 

Operated  auccessfully 
both  samples  tom 

3 

suction  unit 
particle  collector 

Operated  successfully 
sacqples  complete 

Operated  successfully 
sample  bi  destroyed 
sample  02  complete 

Operated  successfully 
both  samples  destroyed 

9 

suction  unit 
particle  collector 

f'lter  loaded- flow  dropped 
St  oic.1  complete 

Filter  loaded, flow  dropped 
samples  complete 

Filter  loaded  ,  flow  dropped 
samples  complete 

10 

suction  unit 
particle  collector 

Operated  successfully 
samples  complete 

Operated  success  fully 
samples  complete 

Operated  successfully 
both  samples  torn 

u 

suction  >onit 
particle  collector 

Filter  loaded  pflov  dropped 
samples  complete 

Filter  loaded  , flow  dropped 
sampues  complete 

Filter  loaded  ,1 low  dropped 
sample s  complete 

12 

suction  unit 
jiartlcle  collector 

Operated  successfully 
samples  complete 

Operation  intermittent 
samples  complete 

Operated  successfully 
.samples  complete 
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Figure  E.7  Comparison  of  curves  of  activity  versus  time  for 
Condition  II,  Station  5,  Shot  5  corrected  to  time  of  activity 
arrival  and  corrected  to  S+1Q  days. 

E.3.2  Activity  Ratios  °ctween  High-  and  Low-Flow  Heads.  It  la 
notable  that  the  ratios  between  the  counting  rates  of  the  high-speed  col*» 
lecting  heads  and  the  low-speed  heads  are  not  the  same  as  the  flow  ratios 
between  those  heads  (Table  E.13). 

Small  differences  are  seen  to  exist  between  the  measured  flow  ratios 
and  the  intended  ratio  of  30  to  1;  however,  very  large  differences  occur 
among  the  ratios  obtained  from  the  count  rates  of  the  molecular  filters. 
Particle  Collector  3  sampling  from  the  most  undisturbed  air  shows  the 
best  consistent  ratios  whereas  Particle  Collector  6,  sampling  from  a  much 
smaller  particle  population,  and  Particle  Collectors  9  and  11,  whose  flow 
rates  rapidly  dropped  because  of  soot~choked  filters,  produce  the  smallest 
ratios.  Figures  E.8  and  E,9  indicate  a  drop  in  flow  of  collectors  1,  2, 
and  5  for  Shot  5.  This  circumstance  reflects  in  Table  E.13. 
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TABLE  2.13  COUNT  RATE  AND  AIR  HOW  RATIOS  BETWEEN  HIGH-FLOW  AND  LOW-FLOW 
PARTICLE  COLLECTOR  HEADS 


Shot 

2 

Shot  4 

Shot  5 

Particle 

P  Count  Ratio 

7  Count  Ratio 

p  Count  Ratio 

7  Count  Ratio 

L  Count  Ratio 

7  Count  Ratio 

Measured 

Collector  Between  High 

Between  High 

Between  High 

Between  High 

Between  High 

Between  High 

Flow 

Humber 

and  Lew  Speed 

and  Low  Speed 

and  Low  Speed 

and  Low  Speed 

and  Lov  Speed 

and  Low  Speed 

Ratios 

Collecting  Head 

Collecting  Head 

Collecting  Head 

Collecting  Head  Collecting  Head  Collecting  Head 

1 

- 

18.3:1 

9-5:1 

1 

17.8:1 

1 

0.83:1 

1.4:1 

28.6:1 

2 

- 

9.3:1 

8.8:1 

21.8:1 

18.<::1 

5.8:1 

27.1:1 

3 

- 

20.7:1 

15.3:1 

34.3:1 

17.7:1 

20.0:1 

26.9:1 

5 

- 

13*2:1 

35.2:1 

20.8:1 

17.8:1 

12.5:1 

29.9:1 

6 

- 

0.38:1 

10.7:1 

34.4:1 

5.0:1 

2.7:1 

30.5:1 

9 

- 

1.3:1 

1.6:1 

0.97:1 

1.1:1 

1.7:1 

27.1:1 

11 

- 

3.1:1 

2.0:1 

1  .2:1 

14.8:1 

If .8:1 

- 

12 

- 

11.5:1 

12.9:1 

22.1:1 

28.8:1 

14.6:1 

30.9:1 

E.3-3  Estimate  of  Suction  Unit  Flow  Rates.  In  practice,  the  auction 
units  varied  from  the  ideal  of  a  10-cfm  continuous  flow  rate*  Some  of  the 
motors  overheated  from  undetermined  causes  and  were  cut  out  by  the  thermal 
protection  switch.  Filters  clogged  with  soot  causing  excessive  pressure 
drops,  especially  in  the  boiler  systems,  which  resulted  in  reduced  flow 
rates,  and  in  general,  the  actual  flow  rat*  would  drift  away  from  10  cfm 


Figure  E.fi  Particle  collector  auction  unit  flow  rates  versus 
time,  Shot  U 


422 


CONFIDENTIAL 


Figure  E.9  Particle  collector  suction  unit  flow  rates  versus 
time,  Shot  5 

over  periods  of  days  or  weeks.  On  the  basis  of  the  recorder  charts  taken 
from  each  suction  unit,  it  has  been  possible  to  plot  the  estimated  flow 
rate  of  each  unit  against  time.  The  plotted  points  (Figures  E.8  and  E.9) 
begin  at  the  time  fallout  was  first  encountered  and  end  at  the  time  the 
pumpe  shut  off  since  no  cessation  of  airborne  activity  is  evident  on  the 
continuous  air-sampler  graphs.  In  averaging  some  of  the  sharp  variations 
in  the  curves,  the  total  volume  of  air  through  each  particle  collector 
was  obtained  and  is  given  in  Table  E.14. 

For  Shots  4  and  5  the  flow  rates  through  Collectors  9  and  11  were 

TABLE  E.U  TOTAL  VOLUME  OF  AIR  SAVPLED  BI  PARTICLE  COLLECTORS 


Volime  of  Air  Sampled  (cu  ft) 
Shot  2  _ Shot  4  Shot  5 


1 

. 

6090 

[ — — 

12430 

2 

609 

10270 

9530 

3 

788 

11600 

11460 

4 

781 

4950 

12197 

5 

816 

12710 

11880 

6 

67°. 

10630 

10540 

9 

350  * 

- 

- 

11 

574'®) 

- 

- 

12 

728 

9450 

9660 

Air  sampler  between  boilers, TAG  39 

- 

- 

896O 

Air  .ampler  between  boilers, TAG  40 

- 

- 

6250 

EMT  filter  on  bridge,  YAG  40 
_ _ 1 

moo 

9880 

(a)  Flew  aea*ure«ent  difficulties  Bade  the  accuracy  c.f  theae  value# 
especially  unreliable. 
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(CFM) 


negligible.  Hcvever,  for  Shot  5,  stationary  filters  from  the  air  sam¬ 
plers  at  equivalent  locations  as  Collectors  9  and  11  are  substituted 
(Figure  E.10). 


Figure  E.10  Flow  rate  versus  time  for  fire  room  air  sampler 
suction  units,  Shot  5 

E,3«4  Estimate  of  Beta  Disintegration  Rate  and  Calibration  of 

Ionization  Chamber.  Absorption  curves  were  made  of  four  stand* 
ards  (CH|  Co**),  T1.204,  Pa"34) manufactured  by  the  Atomic  Instrument 
Company.  These  standards  were  each  inscribed  with  an  effective  disintegra- 
tion  rate  referred  to  a  specific  date  of  count.  Accuracy  was  listed  as 
§•  10  percent.  Since  the  standards  were  covered  with  varying  thicknesses 
of  aluminum  absorbers  to  stop  undesirable  beta  components  and  to  protect 
the  activity  deposits  from  damage,  the  disintegration  rates  listed  were 
not  those  of  the  samples  but,  rather,  the  apparent  activities  of  the  sam¬ 
ples  after  correction  had  been  made  for  geometry  losses.  That  is,  the 
apparent  disintegration  rate  of  each  sample  would  be  that  of  an  uncovered 
sample  whose  activity  was  less  by  an  amount  equivalent  to  the  reduction 
cf  beta  activity  of  the  standard  in  passing  through  the  cover  foil.  Allow¬ 
ance  was  made  for  the  cover  thickness  and  tube-window  thickness  (1.8  mg/sq 
cm)  on  the  aluminun  absorption  curves  (Figure  E.ll)  of  these  standards. 
These  curves  were  normalized  to  a  maximum  activity  of  1.0  by  dividing  the 
counts  at  each  absorber  thickness  by  the  count  rate  at  minimum  absorber 
thickness. 

Figure  E.12  consists  of  aluminum  absorption  curves  of  four  different 
samples  taken  from  Shots  4  and  5.  All  tut  the  sample  of  copper  liner  from 
the  top  of  the  deckhouse,  Shot  5,  are  molecular  filter  samples.  It  may  be 
noted  that,  except  for  the  copper  liners,  all  the  curves  are  similar  in 
shape.  Identical  mountings  were  used  for  the  test  samples  as  were  supplied 
with  the  standard.  The  constant-slope  section  of  the  molecular-filter 
absorption  curves  (between  200  and  800  mg/sq  cm)  represent  a  maximum 
beta  energy  greater  than  2.32  Mev  (the  maximum  beta  energy  of  Pa^^)  or  a 
very-low-energy  gamma  component.  For  the  purposes  of  this  discussion,  it 
will  be  identified  as  a  high-energy  beta  component, 
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Figure  E.ll  Absorption  curves  of  isotope  standards 

Figure  E.13  reproduces  a  superposition  of  the  absorption  curves  of 
namnles  72*5  and  101—4  with  the  identifiable  gamma  components  subtracted 
ouu  Here  again,  the  curves  have  been  normalized  to  a  maximum  count  rate 
oi  1.0,  Hereafter,  the  contribution  of  the  gamma  activity  to  the  unab- 
sorbed  count  rate  of  the  test  samples  will  be  ignored,  inasmuch  as  it  amounts 
to  less  than  1  percent  of  the  total  count. 

Isotopes  with  maximum  beta  energies  greater  than  about  1.2  Mev  have 
been  found  to  cause  similar  response  in  a  GM  tube.  Because  of  this  circum¬ 
stance,  it  is  possible  to  consider  the  high-energy  beta  component  of  the 
molecular  filter  samples  to  be  equivalent  to  Ra234.  This  component  has 
been  labelled  Component  X  and  is  subtracted  in  Figure  E.13  from  the  total- 
absorption  curve.  The  initial  slope  of  the  resultant  closely  resembles 
that  of  the  beta  contribution  to  the  Co^1  absorption  curve.  The  latter 
cannot  be  subtracted  to  produce  still  a  third,  low-energy  beta  component. 

The  poor  resolution  of  this  pro?eaure  is  evident  in  that  beta  energies 
much  lower  than  0.31  Mev  (maximum  ene~ey  of  Co^®)  are  known  to  exist  in 
fission  products.  As  a  result  of  tho  uncertainty,  disintegration  rates 
for  the  test  samples  derived  from  this  study  must  be  considered,  at  best 
lower  limits  of  the  actual  disintegration  rates. 

Considering,  hypothetically,  that  the  samples  consist  of  isotopes, 
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COUNT  RATE  (C/M) 


figure  E.12  Absorption  curves  of  cone  liner  and  molecular 
filter  samples. 

Co^  and  Pa^34 ^  j.t  may  be  seen  from  the  curves  in  Figure  E.13  that 
contributes  54  percent  of  the  observed  count  rate  and  Ra^34  supplies  46 
percent*  ^ 

On  31  August  1954,  the  standard  produced  3>980  c/m  in  the  GM 

tube  (Shelf  2).  On  the  same  date,  Pa^34  counted  at  the  rate  of  2,340  c/m. 
The  eifective  disintegration  rate  of  Pa^34  as  of  31  August  was  1.02  x  104 
d/m.  The  total  geometry  for  an  isotope  of  energy  equal  to  or  greater  than 
Pa^34  must  be  2.34  x  103/l*02  x  10^  =  23  percent. 

The  situation  for  Cc^O  is  more  complex  as  a  result  of  the  significant 
gamma  component.  Extrapolating  the  total  absorption  curve  of  CobU  back  to 
the  points  of  0  absorber,  it  may  be  seen  that  for  a  total  (ply)  count  of 
2,500,  78  c/ra  are  gamma;  2,500  -  78  r  2,422  c/m  of  beta  alone.  Since  there 
are  two  gamma's  and  one  beta  emitted  upon  each  disintegration,  the  tube 
has  twice  the  chance  of  perceiving  a  gamma  event  as  it  has  of  perceiving  a 
beta  event.  Therefore,  the  response  of  the  GM  tube  to  gamma  radiation  is 
78/2  x  2,422  x  100  percent  -  1.6  percent.  Correcting  the  31  August  count 
for  beta  absorption:  3>980  x  2.5  percent1  -  9>550  c/m  total  beta  and  gamma 
radiation.  Let  X  =  beta  count  with  no  absorber 
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Figure  E.13  Determination  of  apparent  beta  components  for 
comparison  of  sample  and  standard  absorption  curves. 

X  i  2X*  0.016  -  9550  =  1.032X 

X  =  9640  c/m 

Whereupon  9550  c/m  -  9640  c/m  ;  310  c/m  of  gamma,  assuming  the  gamma  count 
to  be  unchanged  upon  the  addition  of  12.7  mg/sq  cm  of  absorber.  The  beta 
count  rate  as  of  31  August  =  3>670  c/m.  3*67  x  103  =  9-8  percent  geometry  of 

3.73  x  104 

tube  for  00°^  beta  radiation.  Where  the  effective  disintegration  rate  of 
each  sample  where  Z  is  the  observed  counting  rate: 

0.23  x  (0.46y)  I  O.O98  x  (0.54Y)  =  Z 

producing  Y  =  6.3Z. 

The  calibration  of  the  4  it  ionization  chamber  against  the  gamma  scin¬ 
tillation  counter  was  done  by  counting  molecular  filters  in  both.  Molecu¬ 
lar  filters  of  various  radioactive  ages  were  counted  on  the  floor  of  the 
scintillation  counter.  The  same  filters  were  then  counted  in  the  ioniza¬ 
tion  chamber  yielding  activity  in  terms  of  millivolts.  A  plot  of  milli¬ 
volts  against  counts/sec  is  given  in  Figure  E.l4,  where  a  straight  line  has 
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477  IONIZATION  COUNTER  (MV) 


Figure  E.lU  Calibration  curve  of  ionization  and  scintillation 
counters 

been  drawn  by  eye  through  the  experimental  points.  Extrapolations  were 
performed  where  necessary  to  express  cone  liner,  adhesive -coated  paper  and 
DMT  filter  data  in  terms  of  counts  per  minute. 

E«3«5  Analysis  of  Weatherside  Cone  Liner,  Shot  g.  A  cone  liner  taken 
from  the  air  sampler  mounted  on  the  deckhouse  of  XAG  40  was  divided  into 
small  pieces  for  counting  with  the  Geiger  tube.  A  plot  of  the  average 
beta  activity  per  square  centimeter  against  distance  from  the  cone  intake 
is  shown  for  this  copper  liner,  exposed  in  Shot  5,  Figure  E.15. 

1  The  factor  of  2.5  is  derived  by  taking  the  ratio  of  the  total  p+y 
count  at  0  absorber  thickness  to  the  (3  y  count  at  an  absorber  thickness 
of  12.7  mg/oq  cm  (see  Figure  E.ll). 
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Appendix  F 

DESIGN  AND  DEVELOPMENT  CONSIDERATIONS 
OF  INSTRUMENTATION 

F.l  FHCHI  GAMMA  RECORDER 

The  gamma  measuring  and  recording  system  had  to  supply  information 
about  the  dose  and  dose  rate  at  a  large  number  of  points  aboard  two  ships. 
Originally  it  was  planned  to  use  conventional  logarithmic  responding 
instalments  to  indicate  the  dose  rate;  however,  such  instruments  have  a 
rather  large  inherent  error.  Assuming  a  1- percent  instrument  reading 
error  and  a  5~decade  response,  the  inherent  error  due  to  the  logarithmic 
response  is  +  26  and  -  20  percent.,  which  is  too  large.  Another  factor 
against  these  instruments  was  the  fact  that  records  of  dose  as  a  function 
of  time  were  the  primary  requisites  of  the  field  operation. 

A  different  approach  was  made  to  the  problem.  The  instrument  employed 
was  a  recycling  integrating  ion  chamber  by  which  each  increment  of  dose 
was  recorded.  The  record  of  dose  versus  time  was  the  running  total  of  the 
dose  increments.  The  dose  rate  was  the  slope  of  the  dose  curve  or  could 
be  computed  by  measuring  the  time  required  to  accumulate  the  dose  incre¬ 
ment.  Such  a  system  is  capable  of  4  5  percent  accuracy,  at  least.  Be¬ 
cause  the  dose  rates  were  expected  to  range  from  background  to  10,000  r/hr, 
each  instrument  station  should  consist  of  a  group  of  detectors.  Thus,  to 
detect  background  rates  a  detector  would  have  to  recycle  at  0.1  mr;  in 
fields  of  10,000  r/hr  it  would  have  to  recycle  10^  times  per  hr.  Such  a 
requirement  is  impractical.  Also,  the  ion  chamber  would  have  to  be  rather 
large  to  detect  the  0.1-mr  increments  and  a  very-high  voltage  would  be 
needed  to  collect  in  the  10,000-r/hr  field.  The  number  of  detectors  re¬ 
quired  at  each  station  was  finally  settled  by  the  choice  of  the  recorder. 

Several  types  of  recorders  were  considered;  some  were  discarded  be¬ 
cause  of  their  complexity  and  others  because  of  their  cost.  Since  137 
stations  were  to  be  equipped  with  groups  of  detectors,  a  large  number  of 
channels  of  inexpensive  recording  was  required.  Magnetic  tape  recorders 
were  considered  but  discarded  because  of  their  cost  and  the  additional 
maintenance  they  required.  Pen-9nd-ink  recording  was  chosen,  as  it.  was 
the  simplest,  most  reliable,  and  most  economical.  Pulse-type  recording  to 
indicate  when  the  increment  had  been  accumulated  was  adequate,  because  it 
was  not  necessary  to  designate  levels  or  relative  amplitudes.  The  function 
recorder-*-  normally  employed  to  indicate  when  circuits  are  energized  or 
de-energiaed  was  selected  for  use  with  the  gamma  detectors.  This  recorder 
contains  20  individual  pen3  actuated  by  solenoids  that  displace  the  pens 
approximately  3/8  in;  it  records  20  channels  of  information. 

The  recorders  held  a  100-ft  roll  of  tape  driven  by  a  mechanical  8-day 
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clock.  Since  unattended  operation  for  periods  of  100  hr  was  required,  the 
tape  was  run  at  1  ft/hr.  If  pulses  were  spaced  at  40  per  in.,  individual 
pulses  were  barely  discernible.  This  spacing  would  correspond  to  a  chamber 
recycling  480  times  per  hr  or  1  increment  every  7,5  sec.  To  provide  a 
safety  factor,  a  maximum  pulse  spacing  of  30  per  in.  (1  every  10  sec)  was 
selected . 

Conversion  of  pulse  spacing  to  dose  and  dose-rate  curves  would  be 
difficult  unless  each  chamber  covered  a  whole  number  of  decades.  If  each 
chamber  covered  2  decades,  the  maximum  time  between  increments  was  1,000 
sec;  if  it  covered  3  decades,  the  pulse  spacing  was  10,000  sec,  which  would 
yield  poor  time  resolution.  With  each  chamber  covering  2  decades,  four 
chambers  per  station  were  required.  The  most  sensitive  chamber.  A,  was 
sized  for  an  increment  of  0,1  mr;  B  for  an  increment  of  10  mr;  C  for  an 
increment  of  1  r,  and  D  for  an  increment  of  100  r.  Since  any  chamber  could 
be  used  at  recycling  rates  as  great  as  360  per  hr,  fields  of  36,000  r/hr 
could  be  handled  by  the  D  chamber. 

The  recycling  integrating  ion  chamber  instrument  consisted  of  four 
basic  elements;  the  ion  chamber,  an  electrometer  vacuum  tube,  a  power 
amplifier  and  a  relay.  Several  different  designs  of  ion  chamber  were  con¬ 
sidered.  A  parallel-plate  chamber  was  designed,  but  its  energy  response 
was  inadequate,  and  the  chamber  was  difficult  to  fabricate.  A  concentric 
cylinder  design  was  used,  but  the  A  ion  chamber  presented  some  difficulty. 
The  charge  produced  by  a  dose  of  0.1  mr  in  a  volume  of  1  liter  is  0.922  x 
10"! 3  coulombs.  If  the  chamber  capacity  and  integrating  capacity  are  each 
a  reasonable  size,  the  chamber  volume  would  be  too  large  to  be  practical. 
Even  stray  wiring  capacity  was  too  great  to  be  discharged  by  a  1.2-liter 
chamber  that  operated  at  atmospheric  pressure.  Consequently ,  the  A  cham¬ 
ber  was  operated  at  10  atmospheres.  The  B  chamber  was  operated  at  only  2 
atmospheres  and  with  an  integrating  caoacitor  of  100  ppf.  The  C  chamber 
was  operated  at  2  atmospheres  and  with  an  integrating  capacitor  of  0.01  pf . 
The  volume  of  each  of  these  chambers  was  1.2  liters.  The  D  chamber  was 
not  the  same  volume,  because  the  collection  voltage  would  be  impractical. 
Instead  of  using  the  1.2  liter  chamber  and  increasing  the  integrating 
capacitor  by  a  factor  of  100,  the  volume  was  reduced  by  this  same  factor; 
a  0.01  uf  integrating  capacitor  wa3  used,  and  the  D  chamber  was  operated 
at  2  atmospheres. 

Energy  response  was  important,  because  the  gamma  field  to  be  measured 
was  due  to  mixed  fission  products.  The  A,  B,  and  C  chambers  hal  excellent 
energy-response  curves.  The  curve  for  the  D  chamber  had  a  large  peak  at 
low  energies,  and  filtering  was  necessary  to  improve  the  response.  A 
6-rail  lead  foil  which  was  wrapped  and  crimped  around  the  aluminum  chamber 
was  a  satisfactory  filter.  The  response  was  within  15  percent  of  being 
linear  from  100  kev  to  2  Mev, 

The  chambers  were  filled  with  nitrogen.  To  facilitate  testing  of  the 
pressurized  chambers,  2  percent  of  helium  was  added,  and  a  heliuu-.  eak 
detector  was  used  to  test  the  chamber  seals.  A  group  of  the  chambers  were 
placed  in  a  vacuum  chamber,  and  any  leakage  from  them  was  drawn  out  by  the 
vacuum  pump  through  the  helium-leak  detector.  Unfortunately,  some  of  the 
chambers  developed  leaks  after  they  had  been  in  use.  This  difficulty  was  f 
probably  caused  by  vibrations  and  shock  to  which  the  chambers  were  subjected 
durinp  calibration  and  installation  aboard  the  ship. 

Considerable  difficulty  wa3  encountered  in  obtaining  satisfactory 
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integrating  capacitors.  These  capacitors  had  to  have  a  self-time  constant 
in  excess  of  10  hr,  which  means  a  leakage  resistance  of  3.6  x  10^4  0hms  for 
the  0.01  )if  capacitor.  The  leakage  resistance  must  be  maintained  at  tem¬ 
peratures  up  to  120°F.  The  capacitance  must  be  stable,  and  the  capacitors 
must  not  polarize.  Some  of  the  capacitors  tested  exhibited  a  capacitance 
change  if  voltage  was  applied  for  several  hours.  This  condition  could  not 
be  tolerated.  The  capacitors  used  were  the  Stabelex  D.l  The  leakage  re¬ 
sistance  was  measured  by  a  vibrating-reed  electrometer  to  measure  the 
voltage  drop  across  a  high-megohm  resistor  caused  by  the  capacitor  leakage 
current.  The  only  difficulty  encountered  with  the  capacitors  was  caused 
by  gamma  radiation.  In  high  gamma  fields,  the  leakage  resistance  decreased 
to  such  a  point  that  the  capacitors  could  not  be  used  without  shielding  them 
A  half  inch  of  lead  provided  sufficient  shielding  to  maintain  the  required 
capacitor  leakage  resistance. 

The  decision  to  operate  the  electrometer  tube  as  an  inverted  triode 
was  based  on  a  number  of  considerations:  Since  a  large  swing  voltage  was 
to  be  used  to  increase  the  accuracy  of  the  system,  it  was  felt  that  the 
grid  current  would  be  excessive  if  the  first  grid  G  was  onerated  at  large 
negative  voltages.  Also,  considerable  work  had  been  done  at  RI)L  on  in¬ 
verted  triode  electrometer  circuits.  Tests  were  conducted  on  several  types 
of  electrometer  tubes  and  type  5800^  was  chosen  based  on  the  results  and 
past  experience. 

Since  battery  operation  was desiraole ,  an  attempt  was  made  to  use  a 
transistor  as  the  power  amplifier  required,  because  the  output  current  from 
the  inverted  triode  was  not  sufficient  to  drive  a  relay  directly.  Consid¬ 
erable  effort  was  devoted  to  the  transistor  circuit.  From  tests  it  was  de¬ 
cided  that  a  NPN  transistor  used  in  a  grounded  emitter  circuit  would  be  the 
beat.  As  design  and  testing  progressed,  it  became  evident  that  such  a 
circuit  would  not  be  stable  enought  The  transistors  available  were  not 
hermetically  sealed  so  were  subject  to  failure  due  to  moisture  absorption. 
Also  the  transistor  characteristics  varied  over  wide  limits  with  moderate 
temperature  changes. 

A  brief  attempt  was  made  to  use  a  vacuum  tube  or  gas  tube  power  amp¬ 
lifier  circuit.  Although  such  circuits  can  be  made  to  operate  satisfactor¬ 
ily,  considerable  more  power  is  required  than  when  a  transistor  is  used 
and  since  the  circuit  is  more  complex,  frequent  failures  are  to  be  expected. 
The  circuit  finally  selected  used  a  Sensitrol  relay^  which  is  a  meter  type 
movement  with  magnetic  lock-in  features.  This  relay  can  be  reset  electric¬ 
ally  by  energizing  a  solenoid  and  can  be  obtained  with  a  5-T1  amp  sensitivity 

A  5-p  amp  Sensitrol  was  used  but  it  was  biased  sc  that  25  to  50  p  amp 
were  required  to  energize  it.  The  innut-voltage  versus  output-current 
characteristics  of  the  inverted  triode  are  shown  in  Figure  F.l.  The  char¬ 
acteristic  curve  is  much  steeper  at  50  p  amp  than  at  5  P  amp,  consequently 
the  50  p  amp  firing  Doint  will  permit  less  error  in  determining  the  volt¬ 
age  point  at  which  the  ion  chamber  and  integrating  capacitor  discharge. 

The  bias  current  for  the  Sensitrol  was  obtained  from  a  dry  cell  and  was  set 
with  a  potentiometer. 

The  power  amplifier  energizes  the  recycling  relay  which  must  recharge 
the  ion  chamber  and  integrating  capacitor  and  energize  the  recorder.  It 
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Figure  F.l  Characteristic  curve  of  the  inverted  triode. 

also  recharges  the  delay  circuitry.  The  ion  chamber  circuit  must  have  a 
minimum  resistance  of  1C£3  ohms  to  ground.  Because  relays  are  not  avail* 
able  with  insulation  of  this  magnitude,  a  special  relayl  was  required. 

The  relay  contact  which  recharges  the  ion  chamber  circuit  was  a  special 
coiled  spring  which  was  gold  washed  to  decrease  contact  corrosion  as  very 
little  contact  pressure  was  available.  This  spring  made  contact  with  the 
supporting  stud  which  contacted  the  chamber  collecting  electrode. 

The  delay  circuitry  limited  the  maximum  recycle  rate  of  the  system. 

If  an  A  chamber  is  allowed  to  run  at  its  maximum  rate,  the  recorder  will 
draw  many  pulses  on  the  same  part  of  the  tape.  The  excess  ink  is  likely 
to  splatter  and  weakens  the  paper  tape.  The  RC  network  applies  a  voltage  to 
the  electroreter  tube  which  prohibits  current  from  flowing  to  the  output 
circuit  regardless  of  the  input  voltage  on  G2.  The  RC  time  constant  is 
such  that  output  current  cannot  flow  for  approximately  7  sec.  At  this  pulse 
rate,  individual  pulses  are  just  discernible  on  the  tape. 


F.2  DATA  REDUCTION  APPARATUS  (DRA) 

When  the  decision  was  made  to  use  dose-increment  instruments  instead 
of  logarithmic  indicating  dose  rate  ones,  it  was  also  decided  to  provide 
some  mechanical  means  of  reducing  the  data  since  a  time  record  of  dose 
increments  from  four  chambers  is  difficult  to  interpret.  Although  the  to¬ 
tal  dose  as  a  function  of  time  was  primarily  important,  the  dose  rate  as  a 
function  of  time  was  also  of  interest.  A  data  reduction  apparatus  (DRA) 
was  planned  to  provide  a  plot  of  total  dose  and  dose  rate  as  a  function  of 
time. 

The  total  dose  at  any  time  is  simply  the  weighted  running  total  of  the 
dose  increment  pulses.  The  average  dose  rate  over  any  dose-increment 
period  is  the  value  of  the  dose  increment  divided  by  the  time  needed  to  col¬ 
lect  the  dose  increment.  Obtaining  the  plot  of  total  dose  as  a  function  of 
time  was  relatively  simple.  A  cascade  decade  register  with  parallel  in¬ 
put  provided  the  necessary  totalizer.  The  parallel  input  provided  the  requi 
site  weighting.  Pulses  representing  A  chamber  increments  were  fed  into  the 
first  decade;  pulses  representing  B  chamber  increments  were  fed  into  the 
third  decade.  The  decades  used  were  stepping  relays4,  because  of  experience 
with  these  unite.  Relays  were  chosen  in  prpference  to  electronic  decades 
for  several  reasons.  First,  this  type  of  relay  has  been  tested  for  200 
million  derations  between  adjustments.  They  were  developed  for  telephone 

^  Mfg.  by  Poll er-brumf ield  Mfg.  Co.,  Princeton,  Indiana. 
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service  where  design  life  is  greater  than  20  yr.  Consequently,  the  reli¬ 
ability  of  these  electromechanical  decades  i«  better  than  for  vacuum  tubes. 
Second,  the  DRA  is  not  a  high-speed  machine.  There  is  a  practical  limit  to 
tape  speed.  As  designed,  the  original  tapes  are  run  through  the  DRA  at 
100  times  the  original  recording  speed.  The  maximum  pulse  density  is  10 
pulses/sec.  The  stepping  relays  will  operate  at  35  steps/sec,  so  the 
greater  possible  speed  of  vacuum  tube  decades  is  not  required.  Third, 
the  power  consumption  of  the  mechanical  decades  is  less  than  with  vac¬ 
uum  tube  decades.  In  5  months  of  operations  there  have  been  no  relay 
failures. 

The  total  dose  is  read  out  on  an  analog  curve  plotter  connected  to 
the  readout  matrix  as  a  self-balancing  bridge.  In  this  way,  changes  in 
supply  voltage  do  not  effect  the  accuracy  of  the  plotted  point.  The  curve 
plotter  does  not  draw  a  smooth  curve  but,  rather,  a  histogram.  When  any 
dose  increment  is  received,  the  curve  plotter  indicates  the  new  value  of 
total  dose.  As  the  curve  plotter  type  is  moving  continuously,  any  indi¬ 
cated  value  of  lOtal  dose  is  nsintained  until  another  dose  increment  is 
received. 

The  curve  plotter  has  a  10-in.  span.  Because  accuracy  would  have 
been  sacrificed  if  the  full  span  was  to  represent  the  available  10  decades, 
it  was  decided  that  each  decade  would  cover  the  full  span.  At  the  end 
of  each  decade,  the  pen  would  return  to  the  low  end  and  begin  the  next 
decade.  Side-pen  markers  drew  pips  to  indicate  which  decade  any  portion 
of  the  curve  represented.  As  any  chamber  could  be  used  up  to  a  maximum 
rate  of  360  increments  per  hr,  the  A  chamber  wa3  useable  to  36  mr/hr, 

B  chamber  to  3.6  r/hr,  C  chamber  to  360  r/hr,  and  D  chamber  to  36,000 
r/hr.  Consequently,  full  scale  on  the  chart  was  designated  as  40  mr  or 
400  units  of  A  chamber  increments.  At  36  mr  or  360  increments,  the  curve 
plotter  pen  was  depressed  to  3.6,  and  the  next  decade  started.  Each 
decade  was  represented  by  a  full-3cale  span,  as  it  was  difficult  to  pre¬ 
dict  how  small  a  difference  between  detector  stations  would  be  of  inter¬ 
est  or  would  be  recorded. 

A  logarithmic  plot  of  total  dose  was  also  provided.  This  plot  would 
cover  any  five  preselected  consecutive  decades.  The  5**decade  presenta¬ 
tion  covered  the  full  chart. 

The  dose-rate  unit  computed  the  dose  rate  from  the  time  between  dose 
increments.  At  first  it  wa3  planned  to  use  conventional  analog  computer 
techniques  to  perform  the  computation. 

Average  Dose  Rate  over  Time  T  z  — 3e  mentl 

T 

T  z  Time  to  collect  Dose  Increment. 

However,  it  soon  became  apparent  that  considerable  mechanical  design  would 
be  involved.  The  above  computation  would  have  to  be  performed  many  times. 
An  involved  clutch  system  would  be  required  to  return  the  computer  to  the 
initial  conditions  after  every  computa’ ion ,  or  two  computers  would  be  re¬ 
quired  with  each  computer  performing  every  other  computation.  Either  of 
the  two  conditions  would  have  to  be  met  as  a  pulse  signifying  the  eno  of 
one  computation  Deriod  also  denoted  the  start  of  the  next.  A  different 
metnod  was  decided  upon.  As  the  dose  increments  are  constant  while  any 
one  chamber  is  used  and  differ  by  integral  decades  oetween  chambers^  the 
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average  dose  rate  over  a  period  is  inversely  proportional  to  the  time  be¬ 
tween  pulses  on  the  recorder  traces*  If  a  count  of  a  fixed  frequency  is 
started  by  one  pulse  and  stopped  by  the  next  pulse,  the  count  registered 
in  the  counter  is  inversely  proportional  to  the  dose  rate.  If  the 
counting  is  done  by  a  binary  chain  and  each  binary  switches  into  a  relay 
matrix  a  resistor  weighted  by  the  position  of  that  binary  in  the  chain, 
then  the  value  of  the  matrix  can  be  made  inversely  proportional  to  rate. 

If  the  reciprocal  action  is  used,  i.e.,  each  binary  switches  in  a  con- 
ductancy,  then  the  voltage  drop  across  a  fixed  resistor  in  series  with 
the  conductance  matrix  will  be  proportional  to  dose  rate. 

The  recorders  require  a  minimum  of  0,5  sec  to  traverse  the  chart. 

As  any  chamber  is  useable  at  speeds  tp  to  10  sec/pulse  and  the  DRA  runs  the 
recorder  tapes  through  at  a  100-to~l  speed  up,  pulses  can  occur  at  a 
minimum  spacing  of  0,1  sec.  So  even  though  computations  could  be  made 
rapidly  enough,  the  points  could  not  be  plotted  that  rapidly.  Conse¬ 
quently,  it  was  necessary  to  use  a  decade  scaler  between  the  pulse  input 
and  the  dose  rate  computer.  Each  chamber  covers  2  decades,  and  the  decade 
prescaler  is  only  used  for  the  upper  decade.  Therefore,  the  minimum 
pulse  spacing  into  the  dose  rate  computer  is  1  sec  and  the  maximum  is 
10  sec.  The  1-sec  minimum  allows  time  to  print  the  solution  to  the  pre¬ 
vious  computation  and  reset  the  binary  chain.  The  conductance  matrix 
associated  with  the  binary  chain  is  so  adjusted  that  zero  count  in  the 
binary  chain  gives  an  output  reading  of  36  mr/hr,  or  360  mr/nr  or  3.6 
r/hr. 

The  DPA  has  performed  remarkably  well,  considering  the  rapidity  with 
which  it  was  developed,  designed,  and  fabricated.  The  unit  has  been  op¬ 
erable  approximately  90  percent  of  the  time.  Approximately  140  vacuum 
tubes,  many  of  which  are  dual  tubes,  are  used.  Because  of  the  time  avail¬ 
able,  it  was  sometimes  necessary  to  omit  maintenance  aids  and  consider 
just  the  ease  of  fabrication. 
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Appendix  G 

SUPPLEMENTARY  MATERIAL  ON  RADIOLOGICAL 
SURVEYS  AND  FALLOUT  PHOTOGRAPHY 

G.l  INSTRUMENTATION 

Radiacs,  a  directional  beta  detector,  a  directional  gamma  detector 
and  wipe -sampling  equipment  vere  procured  and  shipped  to  the  test  site  for 
the  radiological  surveys  of  Operation  Castle.  A  brief  description  of  these 
instruments,  together  with  calibration  and  maintenance  data  and  an  evalu¬ 
ation  of  their  performance,  follows. 

G.1.1  Radiacs.  Three  types  of  standard  radiacs  were  used  in  the 
surveys!  25,  AN/PDR-T1£;  12,  AN/PDR-18A;  a^d  25,  AN/PDR-27C. 

G.l. 1.1  AN/PDR-TIB.  This  instrument  (Reference  28)  is  the  ion-chamber 
type,  with  five  ranges  from  5  mr/hr  to  50,000  mr/hr  fullscale  and  measures 
gamma  radiation  only.  It  is  nondirectional,  has  a  range  switch,  zero  set, 
and  operational  chtch  with  built-in  source,  and  operates  from  batteries 
(two  special,  two  radio  type).  All  the  instrument  switches  were  modified. 

Calibration.  The  instruments  were  calibrated  approximately  every  2 
weeks  on  a  Co^  ganuia  range  (UDM-1  Radiac  Calibration  Set).  Mid-scale 
intensities  for  each  range  were  utilized,  i.e.,  3  mr/hr,  30  mr/hr,  300  rar/hr, 
3,000  mr/hr,  and  30,000  mr/hr.  Actual  readings  were  recorded  for  future 
comparison  since  the  factory  (Reference  28)  guaranteed  no  more  than  the 
fl5  percent  at  4/5  fullscale.  Most  instruments  were  better  than  this. 

Maintenance.  Practically  none  required.  Instruments  were  occasion¬ 
ally  dropped;  such  accidents  resulted  in  one  broken  chamber  mount  and  sev¬ 
eral  damaged  meter  movements.  No  battery  failures  occurred.  Salt  water 
spray  caused  rusting  of  the  outer  steel  case  where  there  was  a  poor  paint 
film.  It  also  caused  some  of  the  control  shafts  to  stick.  All  repairs 
were  made  in  a  dehumidified  room. 

Evaluation.  This  radiac  was  the  best  availe^le  for  this  particular 
operation.  It  was  simple  to  operate  even  with  its  zero  adjust;  very 
dependable  if  it  worked  at  all;  had  the  longest  battery  life  of  any  of  the 
radiacs;  ranges  of  5  ar/hr  to  5,000  mr/hr  were  used  principally;  there 
was  close  correlation  of  readings  among  instruments;  some  difficulty  was 
experienced  in  reading  meter  at  10  percent  of  fullscale  because  the 
switch  was  over  this  point. 

Recomendations .  This  instrument  is  highly  recommended  for  gaana 
field  measurements.  Only  fresh  batteries  should  be  installed.  A  shoulder 
strap  with  reliable  clips  should  be  used  to  carry  this  instrument  safely. 
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G.l.1.2  AN/PDR-18A.  This  instrument  (Reference  29)  is  the  scintil¬ 
lation  type  with  internal  photomultiplier  tube,  using  4  ranges,  0.5  r/hr 
to  500  r/hr  fullscale.  It  measures  gamma  radiation  only,  is  relatively 
nondlrectional,  has  a  range  switch,  zero  set,  calibration  set,  and  op¬ 
erates  from  common  flashlight  dry  cells  (BA  30). 

Calibration.  All  instruments  were  calibrated  every  2  weeks  with  Co^O  gamn 
range;  midscale  readings  were  checked  on  each  range;  the  500  r/hr  range 
was  not  checked. 

Maintenance.  None  required. 

. 

Evaluation.  This  instrument  not  used  because  useable  ranges  were  too 
high;  the  instrument  could  not  be  calibrated  with  internal  source  in  a 
gamma  radiation  field  such  as  that  encountered  on  the  test  ships. 

Recommendations .  Not  recommended  for  future  operations.  The  AN/PDR-18 
or  18B  would  be  useful  only  if  intensities  higher  than  50  r/hr  were  to  be 
measured . 

G.l.1.3  AN/PDR-27C.  This  is  a  double  tube  instrument  with  four 
ranges  from  0^5  to  5_mr/hr  using  a  G-M  tube  probe  detector  and  50  to  500 
mr/hr  using  an  internal  G-M  tube.  It  measures  beta  and  gamma  radiation 
with  the  probe,  and  gamma  only  on  the  two  higher  ranges.  It  has  nondi- 
rectional  gamma  sensitivity.  A  range  switch  is  the  only  control;  the  j 

instrument  operates  from  dry  cells  (three  special  types) .  1 


Calibration.  All  operating  instruments  were  calibrated  approximately 
every  2  weeks  with  Co^°  radiation.  Mid-scale  intensities  for  each  range 
were  utilized  except  where  gamma  background  on  Parry  Island  was  above  10 
percent  of  full-scale  reading  (background  was  as  high  as  10  mr/hr). 


Maintenance.  Battery  failures  occurred  very  frequently,  particularly 
the  BA-40l/u  and  BA-416/U.  New  batteries  were  installed  in  each  instru¬ 
ment  before  shipping,  but  when  checked  3  months  later  at  the  test  site, 

8  instruments  had  defective  batteries,  and  by  the  end  of  the  operation,  all 
batteries  had  to  be  replaced.  The  BA-401/U  batteries  leaked  so  that  their 
holders  had  to  be  washed  and  carefully  dried  to  remove  and  prevent  corrosion. 
There  were  other  maintenance  problems  because  instruments  were  seldom  used. 


Evaluation.  The  short  operating  life  in  tropical  climate  was  caused 
primarily  by  battery  failure.  Instrument  was  not  suited  for  personnel 
monitoring  because  probe  ranges  -ere  too  low  (only  5  mr/hr,  when  the  back¬ 
ground  was  often  5  mr/hr  or  more);  it  was  not  completely  useable  for  ship¬ 
board  monitoring  because  many  intensities  were  higher  than  the  500-mr/hr 
upper  limit  of  the  instrument.  The  PDR-27C  was  a  complete  misfit,  and 
as  a  result  was  used  very  little. 

Recommendations .  Not  recommended  for  field  tests  unless  radiation 
levels  below  5  or/hr  are  to  be  encountered.  If  personnel  monitoring  is 
to  be  accomplished ^  a  3ide  window  G-M  instrument  like  the  MX-5  would  be 
preferable. 
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G.l. 2  Directional  Beta  Detector.  The  directional  beta  detector  is 
~  twin  air  ion  chamber  type  instrument  with  gamma  bucking  circuit.  The 
instrument  (Reference  29)  shown  in  Figures  G.l  and  G.2  was  made  at  NRDL 


Figure  G.l  Beta  directional  instrument,  BBI-12- 


Figure  G.2  Seta  direction  instrument  with  case  removed  to 
show  electronic  components  and  double  bucking  ion  chambers. 
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and  has  four  ranges  from  20  to  20,000  microcuries  equivalent  of  strontium- 
yttrium  90,  meter  readings  from  0  to  20  p  amp  and  ranges  from  XI  to  X1000. 

It  measures  beta  radiation  only  from  an  area  10  by  10  cm  when  nlaced  1  cm 
above  the  surface  to  be  monitored.  It  contains  one  BA-30  battery,  two  30 
and  one  15  hearing-aid  batteries,  has  an  on-off  switch,  range  switch,  and 
zero  controls.  It  is  covered  with  a  polyethylene  bag  2  mil  thick  which 
is  held  in  place  with  a  removable  clip.  Twelve  of  these  instruments  were 
used  at  the  site. 

Calibration.  Each  instrument  was  checked  on  beta-calibration  buttons 
before  each  day's  monitoring  operations.  Four  Sr9°-l90  standards  which 
permitted  midscale  checks  on  each  range,  i.e.,  at  10  pc,  100  pc,  1000  pc  and 
10,000  pc  were  used.  These  data  were  recorded  and  compiled  thereby  per¬ 
mitting  a  continual  check  on  the  performance  of  each  instrument.  The  same 
backing  material  (wood)  had  to  be  used  for  mounting  the  beta  buttons  to 
keep  the  back-scatter  uniform. 

Maintenance.  These  instruments  were  excellent  electronically  but 
fragile  mechanically.  The  most  common  causes  of  failure  were  unsoldered 
chamber  and  battery  connections,  broken  lucite  and  glass  stand-off  insu¬ 
lators  and  chamber  separators,  window  breakage,  range  switch  and  toggle 
switch  failure,  and  several  20  pc  meter  movement  breakages.  Th<.  loose 
connections  were  easily  resoldered,  the  separators  were  remade  of  brass 
and  the  insulators  of  phenolic  plastic  instead  of  lucite.  Switches  were 
cleaned,  or  replaced  (toggle  only).  There  were  few  30-v  chamber  batteries 
‘  replaced,  no  15-v,  and  few  3.5  v  A  cells.  No  tubes  needed  replacing. 

Broken  windows  were  restraightened  and  used  even  though  tom.  All  repairs 
were  conducted  in  a  dehumidified  room,  and  the  instruments  were  stored 
there  until  sealed  in  polyethylene  bags.  Torn  bags  in  the  field  allowed 
the  instruments  to  absorb  moisture  resulting  in  high  readings. 

Evaluation.  This  instrument  was  the  only  one  available  which  would 
read  localized  beta  radiation  in  a  high  gamna  field.  The  meters  were 
easy  to  read;  the  data  were  recorded  as  actual  meter  readings  plus  range 
scale  position  (e.g.  x  10).  It  was  easy  to  operate  despite  zero  adjust, 
however  a  carrying  strap  would  have  been  helpful;  the  sensitivity  range 
was  adequate  for  this  operation,  few  readings  were  offscale  on  X1000  scale 
and  few  were  below  1  pa  on  the  XI  scale,  the  meter  time  constant  was  sat- 
isfacotrily  rapid  on  all  but  the  XI  scale,  linearity  was  excellent,  the 
instrument  holds  zero  setting  very  well;  there  was  a  very  slow  calibration 
drift  of  about  6  percent  per  month.  The  correlation  of  readings  between 
instruments  was  fair,  however,  calibration  factors  were  calculated  for 
each  instrument  based  on  the  calibration  data,  and  the  monitoring  da+a  were 
corrected  with  these  factors  (ranging  from  0.30  to  l.l).  They  were  also 
sufficiently  insensitive  to  gamma  f^r  practical  use,  see  Table  G.l.  'i  ;ese 
instruments  were  assembled  just  before  shipping  to  the  test  site,  and  no 
preliminary  testing  was  possible.  Many  of  the  mechanic*5!  weaknesses  -  Id 
have  be^n  corrected  if  sufficient  laboratory  testing  had  been  possiole. 

The  electronic  circuit,  size,  and  weight  were  excellent.  Aside  from  tne 
mechanical  failures,  the  operational  life  could  be  considered  to  be  aW-u 
the  same  as  the  TIB.  X100  and  X1000  scales  were  insensitive  to  gamma 
radiation  from  0  to  20  r/hr. 
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TABLE  G.l  GAHKA  SENSITIVITY  OF  BETA  PROBE 


Gin 

Intensity 

(«r/hr) 

Beta 

Se.pl.  1 

11  Seale 

Beta 

Saaple  2 

110  Seale 

0 

9.3 

5.3  x  10 

10 

9.5 

5.3  x  10 

50 

9.5 

5.3  x  10 

100 

10.0 

5.3  x  10 

200 

10.3 

5.3  x  10 

500 

12.2 

5.3  x  10 

1000 

15.0 

5.9  x  10 

2000 

17.2 

6.0  x  10 

5000 

19.5 

6.5  x  10 

10000 

- 

7.5  x  10 

20000 

9.3  x  10 

Recommendations . 

1.  The  Instrument  should  be  of  sturdier  construction* 

2.  Twice  the  number  of  switch  points  or  sensitivity  ranges  should 
be  added  i.e.,  XI,  X3,  X10,  and  X30. 

3.  Carrying  cases  and  straps  for  the  instruments  should  be  provided* 

4.  The  bag  clip  and  stand-off  feet  need  improvement. 

5.  A  power  supply  using  only  flashlight  type  dry  cells  (BA-30) 
should  be  designed. 

6.  A  similar  instrument  with  greater  sensitivity  (10-50  times) 
should  be  designed  for  monitoring  industrial  decontamination  operations 
at  shipyards. 

7.  The  NRDL  RBI-12  or  similar  instrument  should  be  used  in  future 
field  operations  to  determine  decontamination  efficiency. 

G.1.3  Directional  Gamma  Detector.  Two  directional  gamma  detectors, 
designed  and  fabricated  at  NRDL,  were  completed  just  prior  to  shipment  to 
the  test  site.  The  directional  gamma  deter*;  r  shown  in.  Figures  G.3  and 
G.4  consists  of  a  small  G-M  tube  shielded  '  *■  r.  lead  sphere,  6  in.  in  di¬ 
ameter  with  60°  conical  "window11 .  The  sphere  is  mounted  on  a  tubular  steel 
stand  30  in.  high  which  also  holds  the  electrometer  case  and  calibration 
button.  When  the  detector  is  directed  downward,  it  covers  a  circular  area 
of  about  7  sq  ft.  Only  the  gamma  rays  inside  this  circular  area  are  seen 
by  the  G-M  tube  and  except  for  about  1  percent  leakage  through  the  lead 
shield  are  detected.  This  "background11  is  measured  and  subtracted  by  in¬ 
serting  a  brass  covered  lead  plug  in  the  conical  window.  The  calibration 
button  (Co°0)  is  also  held  on  the  end  of  the  plug  when  the  instrument  is 
calibrated.  The  electrometer  case  has  a  control  panel  including  an  in¬ 
dicating  meter,  a  range  switch,  zero  set,  on-off  switch,  calibrating  screw 
(potentiometer),  and  G-M  tube  cable  connectors. 

Calibration.  Both  instruments  were  calibrated  on  gamma  range  before 
each  operation.  During  primary  calibration  each  instrument  was  made  to 
read  25  on  the  "C"  scale  at  a  radiation  intensity  of  25  mr/lir.  The  gamma 
button  was  then  placed  on  the  end  of  the  lead  plug  and  inserted  in  the 
spherical  shield.  It  usually  read  about  20  on  the  "B"  scale.  Primary 
calibration  was  then  continued  and  meter  and  scale  readings  were  plotted 
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1 


Figure  G.3  Directional  gamma  detector,  RGG-1.  Shown 
are  the  tubular  steel  stand,  spherical  GM  tube  shield, 
shield  plug  in  operator’s  hand  and  electrometer  box. 


calibrating  but J on 3  are  carried  in  small  plastic  box 
near  the  electrometer. 
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against  actual  radiation  intensities.  The  instrument  was  quite  nonlinear. 
All  monitoring  data  were  recorded  as  meter  reading  and  scale  setting,  and 
later  converted  to  mr/hr  by  consulting  the  calibration  curves.  During  act¬ 
ual  monitoring  operations  it  was  necessary  to  check  the  calibration  every 
few  minutes  with  the  gamma  button,  A  screw  driver  was  used  to  rotate  the 
calibrating  screw  which  adjusted  the  voltage  applied  to  the  G-M  tube  until 
the  meter  read  the  predetermined  value  (20  on  "B*  scale)  found  during  pri¬ 
mary  calibration. 

Maintenance.  No  serious  maintenance  problems  aside  from  replacing 
two  G-M  tubes,  and  cleaning  and  drying  the  high  voltage  cables  which 
developed  current  leaks  after  being  exposed  to  salt  water  spray.  The  in¬ 
ternal  batteries  lasted  for  the  entire  operation. 

Evaluation.  In  general,  the  gamma  probe  was  not  considered  satis¬ 
factory  in  its  present  stage  of  development.  It  weight  and  bulk  mad6  it 
very  difficult  to  handle  aboard  ship.  Two  readings  plus  reference  to 
calibration  curves  were  required  to  record  a  single  radiation  measurement. 
The  instrument  was  very  voltage  dependent,  and  to  maintain  accurate  cal¬ 
ibration,  it  was  necessary  to  reset  the  G-M  tube  voltage  before  each 
measurement,  which  further  decreased  the  speed  of  operation.  Constant 
handling  of  the  Co^-*  gamma  button,  carried  with  the  instrument,  resulted 
in  the  source  holder  (plug)  becoming  contaminated  and  rendering  subsequent 
measurements  uncertain.  The  nonlinearity  of  the  instrument  made  meter 
readings  and  3cale  settings  difficult.  The  instrument  was  satisfactorily 
directional,  but  the  G-M  tube  had  tco  small  a  volume  for  stability  at  low 
intensities.  The  energy  dependency  was  never  checked,  so  the  correlation 
between  readings  on  the  Co°^  gamma  calibration  range  and  measurements  of 
mixed  fission  products  is  questionable.  Because  of  the  slowness  of  its 
operation,  excessive  dosage  was  received  by  the  operators.  Because  dosage 
was  at  a  premium,  few  directional  gamma  measurements  could  be  taken. 

Recommendations.  Not  recommended  for  field  operations. 

G.1.4  Wipe  Sampling  Equipment.  The  wips  sampling  equipment  consisted 
of  five  special  samplers,  filter  papers.  No.  10  rubber  stoppers,  beta  but¬ 
tons,  lead  castle,  gas  flow  proportional  probe,  special  laboratory  type 
rate  meter  and  a  decimal  scaler.  The  special  wipe  sampler  consisted  of  a 
filter  paper  holder  which  applied  a  fixed  pressure  to  the  wipe  papers;  a 
bag  opener  for  facilitating  the  dropping  of  the  wipe  sample  in  a  pro¬ 
tective  plastic  bag;  and  a  box  for  storing  and  carrying  the  filter  papers 
and  plastic  bags  (Figures  G.5  and  G.6).  In  very  windy  locations  it  was 
necessary  to  hand -hold  the  filter  paper  wipe3  and  apply  wiping  pressure 
with  a  No.  10  rubber  stopper. 

Tne  wipes  were  monitored  with  either  a  proportional  probe  with  a 
laboratory  rate  meter  or  counted  with  a  G-M  tube  and  a  conventional  Atomic 
Model  105  scaler.  A  beta  button  standard  was  used  to  determine  the  ef¬ 
ficiency  of  the  counting  equipment.  All  counting  was  done  in  a  lead  cas¬ 
tle  to  minimize  background  radiation. 

Calibration.  The  efficiency  of  the  wipe  samplers  was  never  deter¬ 
mined.  The  counting  equipment  was  calibrated  with  a  beta  standard  before 
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and  after  each  group  of  samples  were  monitored.  Background  counts  were 
taken  after  each  20  samples. 


Maintenance.  The  double  sided  pressure  sensitive  tape  was  renewed 
regular] y  on  wipe  samplers.  Window  on  proportional  probe  was  broken  and 
no  replacement  was  made.  The  Atomic  Model  105  scaler  was  moisture  sensi¬ 
tive  and  had  to  be  left  running  24  hr  a  day  to  maintain  its  accuracy. 
Several  tubes  were  replaced,  and  the  register  relay  was  repaired  on  the 
Atomi.c  scaler. 

Evaluation.  The  wipe  samplers  were  satisfactory  except  when  used 
in  the  wind,  which  blew  the  filter  paper  off  the  double  coated  pressure 
sensitive  tape.  The  rate  meter  with  gas  flow  probe  would  have  allowed 
more  rapid  monitoring  of  the  wipe  sampler,  but  early  breakage  of  the  probe 
prevented  its  use.  Extreme  sensitivity  in  a  G-M  tube  was  not  needed  in 
field  type  wipe  sample  counting  because  contamination  levels  were  normally 
high.  Semi-automatic  decimal  scalers  like  the  Atomic  scaler  definitely 
facilitated  sample  counting.  It  was  found  that  with  a  little  training, 
nontechnical  personnel  could  operate  all  of  the  wipe  sampling  and  counting 
equipment  satisfactorily. 

Recommendations . 

1.  The  present  wipe  sampler  should  be  improved,  and  used  in  future 
operations  to  obtain  uniform  wipe  sampling. 

2.  The  efficiency  of  the  wipe  sampler  should  be  determined  for 
various  surfaces. 

3.  Rate  metering  equipment  for  wipe  samples  should  be  perfected  and 
used  in  future  operations. 

G.2  SURVEY  STATION  LOCATIONS 

The  locations  of  the  surveys  taken  aboard  the  experimental  ships  are 
shown  in  Figures  G.7  through  G.9  and  in  Table  G.2, 

G.3  PRELIMINARY  WORK  ON  FALLOUT  PHOTOGRAPHY 

It  was  anticipated  that  the  fallout  to  be  photographed  on  the  YAG  40 
would  be  in  the  form  of  a  rain  or  a  fog  such  as  the  rainout  and  base  surge 
experienced  at  Bikini  "Baker".  It  was  estimated  that  the  fallout  would 
occur  within  the  first  4  hr  after  shot  time.  Since  radiation  levels  on 
the  ships  were  assumed  high  enough  to  give  10,000  r  total  dose  gamma  ra¬ 
diation  over  a  week's  time,  shielding  the  camera's  film  to  minimize  fogging 
presented  e  problem. 

The  following  conditions  were  considered  necessary  to  insure  satis¬ 
factory  photographs  of  the  fallout  arriving  at  the  YAG  40:  (l)  stoppage 
of  practically  all  particle  motion;  (2)  sufficient  illumination  for  10  p. 
particles  and  larger;  (3)  adequate  resolution  for  particle  size  determina¬ 
tion  and  differentiation  between  liquid  and  solid  particles;  (4)  sampling 
period  of  4  hr  or  more;  (5)  time  resolution,  30  sec  (interval  between  pic¬ 
tures);  (6)  film  which  was  relatively  sensi+ive  to  light  but  insensitive 
to  gamma  radiation;  (7)  shielding  around  film  to  minimize  fogging  when 
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NUMBER  2  HOLD  (PLAN) 


SECTION  I  and  2  (ELEVATION) 


4 


Figure  G.8  Locations  of  stations  surveyed 
I  and  ?  for  the  shielding  studies. 


in  Sect  ions 
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Figure  G.9  Location  of  survey  stations  in  the  ventilation 
cubicle 8 


TABLE  G.2  BOHER-AIR  SURVEY  LOCATIONS 


Station  Nos. 

Location  Transits 

Bets  Readings  and  Wipe  Samples _  BAKER  AHTJ 


Fvd  end  of  firing  aisle 

901 

951 

6"  fvd  of  fvd  burner,  stbd 

902 

952 

84"  above  of  fvd  burner,  stbd 

903 

953 

24 "  above  of  2nd  burner,  stbd 

904 

954 

24'  above  of  3rd  burner,  stbd 

905 

955 

24"  above  of  aft  burner,  otbd 

906 

956 

6"  aft  of  aft  burner,  stbd 

907 

957 

Log  deck  at  aft  end  of  firing  aisle 

908 

958 

6"  aft  of  aft  burner,  port 

909 

959 

24"  above  aft  burner,  port 

910 

960 

24"  above  3rd  burner,  port 

911 

961 

24"  above  2nd  burner,  port 

912 

962 

24"  above  fvd  burner,  port 

913 

963 

6"  fvd  of  fVd  burner,  port 

914 

964 

Directional  gamaa  stations 

Ujpper  dk  fVd  of  boiler  fidley 

917 

967 

Upper  dk  stbd  of  boiler  fidley 

918 

968 

Upper  dk  stbd  of  boiler  fidley 

919 

969 

Upper  dk  port  of  boiler  fidley 

920 

970 

Boat  dk  fVd  of  boiler  fidley 

921 

971 

Boat  dk  stbd  of  boiler  fidley 

922 

’2 

Boat  dk  aft  of  boiler  fidley 

923 

9f„ 

Boat  dk  port  of  boiler  fidley 

924 

974 

Gamma  Stations  j 

Port  of  boiler  air  intake  duct  8'  above  elbow 

925 

975 

Below  boiler  air  Intake  duct  8'  above  elbow  | 

926 

976 

Aft  cf  elbow,  air  intake  duct 

927 

977 

Below  elbow,  air  intake  duct 

Aft  of  boiler  air  Intake  duct,  top  of  engine 

928 

978 

casing  level 

Below  boiler  air  duct,  top  of  engine  casing 

929 

578 

level 

Aft  of  boiler  air  duct  12"  above  lower 

930 

980 

transition  piece 

Below  boiler  air  duct  12"  above  lower 

931 

981 

transition  piece 

932 

962 

Btvn  1st  and  2nd  burner,  36"  from  dk  stbd 

933 

983 

Btvu  1st  and  2nd  burner,  36"  from  dk  po'~t 

934 

964 

Ptvn  3rd  and  4th  burner,  J 6”  from  dk  port 

935 

985 

In  boiler  fidley 

936 

966 

Bridge  dk  fwd  of  fidley 

995 

Bridge  dk.  stbd  of  fidley 

946 

996 

Bridge  dk  aft  of  fidley 

947 

997 

Bridge  dk  port  of  fidley 

948 

998 

exposed  to  the  gamma  radiation  doses  anticipated;  (8)  small  camera,  so  as 
to  reouire  the  minimum  size  of  shielding;  (9)  sufficient  film,  capacity  in 
camera  for  about  500  frames  or  individual  pictures  without  reloading  or 
rewinding;  (10)  means  of  synchronizing  the  camera  shutter  to  the  electronic 
‘'lash  lamp;  and  (11)  means  of  starting  and  stopping  the  entire  system  auto¬ 
matically. 

In  preliminary  laboratory  tests  to  determine  the  type  of  film  to 
used,  various  common  films  were  exposed  to  increasing  gnmra  dosages  (Co51) 
and  the  resolution  of  the  film  was  plotted  against  gamma  exposure.  The 
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Eastman  Kodak  Special  Order  918  film  proved  to  be  the  best  for  the  antic- 
ipated  conditions. 

Various  light-concentrating  mirrors  were  tested  to  determine  the 
correct  focal  length  to  use  and  the  optimum  placement  of  mirror  and 
electronic  flash  lamp.  The  best  combination  was  an  eliptical  mirror,  with 
the  flash  lamp  at  the  far  focal  point  and  the  target  volume  at  the  near 
focal  point.  In  this  way  a  very  intense  beam  of  light  of  1/2000  sec  dur¬ 
ation  was  produced.  Thi3  beam  was  capable  of  illuminating  and  partially 
stopping  rapidly  falling  droplets  as  well  as  fine  mists  and  powders. 

Figure  G.10  is  a  photograph  of  falling  water  droplets  produced  by  an 


Figure  G.10  Water  if«7, 
enlarged  (7*3  X)  free,  an 
aerosol  camera  frame. 


f 


atomizer.  Figure  G.ll  is  a  photomicrograph  of  a  small  area  of  Figure  G.10. 
Note  the  tear  drop  shape  which  was  caused  by  the  uneven  output  of  the 
flash  lamp.  When  the  flash  lamp  discharges,  it  emits  very  intensely  at 
first  but  immediately  diminishes  for  a  fraction  of  a  millisecond.  The 
image  of  the  particle  appears  largest  when  the  illumination  is  brightest 
and  the  image  shrinks  toward  the  end  of  the  flash  tube's  discharge.  With 
moving  particles  a  tear  drep  shape  is  always  produced  with  the  tear  drop 


Figure  G.ll  Photomicrograph 
(90  X)  of  a  section  of  Figure 
G.10  shoving  characteristic 
tear-drop  images  of  rapidly 
moving  water  particles. 
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pointing  in  the  diroction  of  movement*  This  same  effect  was  noted  with 
solid  as  well  as  liquid  particles.  Rain  drops  show  characteristic  paired 
images  of  the  highlights  caused  by  reflections  from  the  flash  lamp  and 
mirror  on  either  side  of  the  drop.  This  appearance  is  a  possible  way  of 


Figure  G.13  Same  viree  photographed  as  above  bit 
illuminated  by  a  single  flash  discharge  from  the 
electronic  flash  lamp.  Ail  viree  are  intensely 
recorded.  Enlarged  0.9  X  actual  size. 

differentiating  large  solid  from  large  liquid  particles.  The  images  of 
small  water  droplets  merge  into  a  single  recorded  spot  as  shown  in  the 
figures. 

Using  the  initial  laboratory  setup  and  the  shipboard  installation, 
pretest  photographs  were  made  of  coarse  and  fine  mists,  fogs,  smokes  and 
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coarse  and  fine  particles  from  solid  aerosols.  In  all  these  cases,  how¬ 
ever,  the  number  of  particles  per  unit  volume  of  air  was  fairly  high, 
such  as  would  be  encountered  in  a  heavy  rain,  fog,  or  dust  storm.  A  series 
of  fine  wires  were  photographed  with  the  aerosol  camera  to  obtain  a  rough 
calibration  of  the  magnification  of  the  system  so  as  to  determine  whether 
it  would  be  possible  to  estimate  particle  sizes  from  image  sizes.  Actual 
magnification  on  the  film  was  1/12  x.  Figures  G.12  and  G.13  show  the 
frame  holding  two  sets  of  wires  whose  sizes  were  30,  10,  4,  1,  and  0*5 
rails,  nominally,  or  about  750,  250,  100,  25,  and  12  p  in  diameter.  The 
width  of  the  images  was  measured  with  a  microscope  equipped  with  a  micro¬ 
meter  ocular.  When  image  width  was  plotted  against  actual  wire  size,  a 
straight  line  was  obtained  down  to  the  4-mil  (100  p)  wire,  Below  '  mils 
the  image  width  remained  nearly  constant,  but  its  intensity  diadr.j  thes. 

The  12  p  wire  is  still  very  intensely  recorded,  so  it  may  be  assumed  +\at 
while  particle  size  determinations  below  100  p  may  not  be  estimated,  cer¬ 
tainly,  the  system  is  able  to  record  diffraction  of  particles  as  small  as 
10  p  and,  perhaps,  as  small  as  2  p. 
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Appendix  H 

ESTIMATION  OF  RADIATION  FLUX  ABOARD 
YA6  40  DURING  RECOVERY  OPERATIONS 

H.l  THEORETICAL  CONSIDERATIONS 

To  estimate  the  radiation  flux  aboard  the  ZAG  40  on  the  basis  of  dose 
rate  measurement  taken  at  some  distance  from  the  IAG,  it  is  necessary  to 
have  some  concept  of  the  relationship  of  the  radiation  flux  and  distance. 
As  a  first  approximation,  the  IAG  40  was  considered  to  be  a  rectangular 
source  and  the  following  equation  (Reference  31)  was  used: 

I  :  K  x  SA  logo  VL  I  a2 

- 


where  I  r  radiation  flux  (r/hr) 

K  r  conversion  factor  (1.92  x  10*6  in  this  case) 

Sa  r  activity  per  unit  area  (mev/sq  cm/sec) 

W  ?  width 
L  z  length 

a  :  distance  from  source 

By  substituting  appropriate  numbers  and  then  normalizing  these  to  the 
radiation  flux  at  1  ft,  the  curve  shown  in  Figure  H.l  is  obtained. 

H.2  EXPERIMENTAL  MEASUREMENTS 

The  following  procedure  does  not  produce  a  precise  measurement  of  the 
radiation  flux.  There  are  many  factors  that  are  not  accurately  measured 
and  there  are  correction  factors  that  could  be  applied  but  were  not.  The 
purpose  of  these  measurements  was  to  make  an  order  of  magnitude  determin¬ 
ation  of  the  radiation  flux  and,  as  indicated  in  the  body  of  the  report, 
the  results  of  three  separate  trials  produced  this  degree  of  correlation. 

To  simplify  the  data  taken  during  recovery  operations  one  person  was 
assigned  the  responsibility  of  estimating  the  relative  distance  between 
the  IAG  40  and  the  ATF  1C6  at  various  times.  Figure  H.2  is  a  plot  of  these 
data.  All  personnel  aboard  the  ATF  106  concerned  with  dose  rate  measure¬ 
ments  noted  the  time  at  which  readings  were  taken.  It  was  then  possible 
to  estimate  the  corresponding  distance  for  each  radiation  level  by  using 
Figure  R.2.  Figure  H.3  is  a  plot  of  the  radiation  flux  measured  aboard 
the  ATF  106  during  recovery  operations.  While  it  is  noted  that  there  is 
some  randomness  to  these  data  attributable  tc  such  factors  as  distance 
uncertainty,  and  inherent  instrument  inaccuracy,  it  is  possible  to  draw 
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OISTANCE  (TO) 
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v 


v 
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Figure  H.l  Percent  of  radiation  flux  at  1  ft  ae  a  function 
of  the  distance  from  the  deck  of  the  YAG  40. 


Figure  H.2  Distance  versus  time  during  YAG  40  recovery 
after  Shot  2. 
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Figure  EL 3  Radiation  flux  as  a  function  of  distance  during 
YAG  40  recovery  after  Shot  2. 

the  straight  line  shown  as  a  possible  relationship  for  radiation  flux 
versus  distance.  Comparison  of  Figure  H,3  with  Figure  H.l  shows  that  the 
intensity  versus  distance  pattern  for  the  100  to  1000  ft  distance  is  a 
straight  line  on  log-log  paper. 

Table  H.l  presents  typical  data  from  corresponding  points  taken  from 
Figures  H.l  and  H.3  and  the  resulting  radiation  flux  at  1  ft  on  board  the 
XAG  40.  These  data  were  not  corrected  for  decay  to  any  given  time.  They 
specify  levels  existing  at  the  time  of  measurement. 

Figures  H.4  and  H.5  are  similar  data  taken  after  Shot  4  and  Table  H.2 
presents  typical  data  from  Figures  H.l  and  H.5  and  the  resulting  radiation 
flux  at  1  ft  on  board  the  IAG  40.  Due  to  the  general  background  of  30  mr/hr 
created  by  the  contaminated  ocean  surface  it  was  felt  that  readings  taken 
at  distances  greater  than  500  ft  were  too  distorted  by  the  high  background 
to  be  reliable. 

Figures  H.6  and  H.7  are  similar  data  tcJcen  after  Shot  5  and  Table  H.3 
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TABLE  H.l  TTPICAL  DATA  FOR  RADIATIOJf  FUJI  BSTIBATES  FOR  SHOT  2 


d  (ft)  I 


t  V*'  (««•  «•!)  X0  (r/hr)0>) 


I0  z  Established  radiation  flux  at  \  ft  fro*  deck  of  I1G  40 
<Xo  =  C  X  102) 

**0 

(b)  At  I0  j  8  r/br 

presents  typical  data  from  Figures  H.l  and  H*7  and  the  resulting  radiation 
flux  at  1  ft  on  board  the  IAG  40. 


H.3  CONCLUSIONS 

In  order  to  carry  out  the  above  for  any  ship  it  is  necessary  to  have 
available  a  curve  similar  to  that  of  Figure  H.l  for  the  ship  involved. 


VAG  40 
UNOER  TOW 


Figure  H.U  Distance  versus  time  during  YAG  40  recovery 
after  Shot  4. 
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INTENSITY  (MR/HR) 


distance  ift) 

Figure  II.  5  Padiation  flux  versus  distance  during  YAG  40 
recovery  after  Shot  4.  Measurements  include  a  general 
background  of  30  mr/hr. 

TABLE  H.2  TYPICAL  DATA  FOR  RADIATION  FLUX  ESTIMATES  FOR  SHOT  4 


Not*  i  Arango  I0  •  4  r/hr 
'*)  Corractad  for  Can,  B.C,  of  30  nr/ hr, 

^  I0  s  Eatlaatad  radiation  flux  at  1  ft  froa  dick  of  ZAC  40 

J°  S  ft  %  100 
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TABLE  H.3  T’.PICAL  DATA  TOR  RALIATIOR  FLUX  ESTIMATES  FOR  SHOT  5 


d(ft)  I  (rig.  R.lf*)  }  I  (Fig.  H.X)  lib) 

- - . - ,  _ r--(r7hr) 


1000 

- 

Ih 

0.l9£ 

— tr/mrj 

13 

600 

60 

0.V5 

15 

400 

161* 

0.15', 

22 

300 

309 

1.2fj 

26 

200 

79^ 

2.2^ 

36 

Arerag*  13  a  22  r/hr 
^  Corractad  for  Gan  B.G.  of  6  ar/hr . 

I0  s  Eatlnatad  radiation  flu*  at  1  ft  fron  dack  of  TAG  40. 


Obviously  this  curve  will  vary  in  accordance  with  the  ship  dimensions. 
Radiation  measurements  can  be  made  to  determine  the  relative  relation¬ 
ship  of  radiation  flux  versus  distance  from  which  an  estimate  of  the 
radiation  flux  at  1  ft  can  be  made  as  outlined  above. 

Since  the  procedure  is  for  order  of  magnitude  determination  only, 
it  will  always  be  necessary  for  any  boarding  party  to  conduct  monitoring 
surveys,  particularly  to  locate  any  "hot  spots."  However,  it  is  felt  that 
a  procedure  similar  to  that  described  above  can  be  used  to  provide  a  rough 
estimate  of  the  expected  dose  rates  and  serve  as  an  indication  of  the  de¬ 
gree  of  radiation  exposure  to  be  expected  during  the  boarding  operation. 

Since  this  system  was  tried  oat  during  Operation  Castle  on  a  limited 
scale  (three  trials)  it  would  seem  in  order  to  conduct  additional  studies 
to  determine  how  sensitive  the  system  might  be  to  the  variables  involved, 
before  a  wide  scale  usage  of  the  procedure  is  recommended. 
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